Raising Hope and Nurturing Options for Agricultural Development: Essays in Honor of Cynthia Bantilan by Deb, U K
Raising Hope and Nurturing 
Options for Agricultural 
Development:  
Essays in Honor of Cynthia Bantilan
Raising H
op
e and N
urturing O
p
tions for A
gricultural D
evelop
m
ent: Essays in Honor of Cynthia B
antilan
About the Book
Raising Hope and Nurturing Options for Agricultural Development: 
Essays in Honor of Cynthia Bantilan is a tribute to an eminent teacher 
and researcher Dr. Cynthia Bantilan on her 60th birthday by her students, 
colleagues and mentors. This is an open access e-book that includes 
two poems and 13 essays. The two poems with well-articulated verses, 
illustrate her versatile role in life—as a committed teacher, professional 
researcher and leader, mother and a beloved wife. Essays presented 
in this volume elaborate on the future of rainfed agriculture, research 
priority setting and impact assessment for international agricultural 
research, chickpea revolution, biofuels, management of natural resources, 
agricultural diversification, gender equity, role of social networks for 
technology adoption, risks and uncertainties, FDI in retail marketing and 
regional cooperation for agricultural development.
The volume presents useful insights derived from extensive experience 
and wisdom, to provide a valuable resource for students, researchers, 
policy makers, agricultural scientists and others engaged in agricultural 
development. 
Authors include Feliciano T Bantilan, Hans P Binswanger-Mkhize, Jeff 
Davis, Jim Ryan, SS Acharya, N Nagaraj, Chanda Gurung Goodrich, 
Madhusudan Bhattarai, P Parthasarathy Rao, S Nedumaran, G Basavaraj, 
D Kumara Charyulu, R Padmaja, LM Pandey and Uttam Deb. 
Order Code: BOE 061ISBN 978-92-9066-558-8
Citation: Deb UK, ed. (2013) Raising Hope and Nurturing Options for 
Agricultural Development: Essays in Honor of Cynthia Bantilan.Friends 
and Admirers n Students, Hyderabad, India. ISBN 978-92-9066-558-8. 
Order code: BOE 061. 148 pp.
This e-book is brought to you for free and open access by Friends, 
Admirers n Students (FANS) of Cynthia Bantilan. It has been accepted for 
inclusion in ICRISAT Open Access Repository (http://oar.icrisat.org), can 
be accessed from http://oar.icrisat.org/7100
For more information, please contact ICRISAT Librarian M. Madhan 
M.Madhan@cgiar.org
First Published: 2013
ISBN 978-92-9066-558-8
Opinions expressed in this book are those of the authors. 
Users are free to use, copy, share, distribute, display, and reference this 
book (whole or partial) which will ensure fair use.  
Published by 
On behalf of Friends, Admirers n Students (FANS) of Cynthia Bantilan, 
Uttam Deb, Principal Scientist, ICRISAT, Patancheru 502324, AP, India.
Email: uttamkumardeb@gmail.com
Cover Design and illustrations:Vali
iRaising Hope and Nurturing 
Options for Agricultural 
Development:  
Essays in Honor of 
Cynthia Bantilan
Friends, Admirers n Students (FANS)
ii
About the Authors
SS Acharya Former Chairman, Commission for Agricultural Costs and Prices, 
Government of India 
Feliciano T 
Bantilan
A passionate poet who has composed a number of poems 
to popularize science, theories of physics, nature and human 
relations. He taught philosophy and physics at the University of 
the Philippines Los Banos, Philippines; obtained Ph.D. in Physics 
from the Duke University, USA. He worked as a Leader  
of the GIS unit at ICRISAT in India and Zimbabwe. 
G Basavaraj Scientist, Markets, Institutions & Policies, ICRISAT, India
Madhusudan 
Bhattarai
Principal Scientist, Markets, Institutions & Policies, ICRISAT, India
Hans P. 
Binswanger-
Mkhize
Adjunct Professor at the School of Economics and Management, 
China Agricultural University, Beijing, China, Extraordinary Professor 
at the Department of Agricultural Economics, Extension and Rural 
Development at the University of Pretoria, South Africa, and Visiting 
Professor at Integrated Research and Action for Development 
(IRADE) in New Delhi.
Jeff Davis Formerly: Manager, Policy Linkage and Impact Assessment 
Program, ACIAR, Canberra, Australia; General Manager Research, 
Rural Industries R&D Corporation, Canberra, Australia; Manager 
Impact Assessment Unit, ACIAR, Canberra, Australia; Enquiry 
Director, Industries Assistance Commission, Canberra, Australia; 
and Policy Research Economist, NSW Department of Agriculture, 
Sydney, Australia.
Uttam Deb Principal Scientist, Markets, Institutions & Policies, ICRISAT, India
Chanda Gurung 
Goodrich
Principal Scientist, Markets, Institutions & Policies, ICRISAT, India
D Kumara 
Charyulu
Scientist, Markets, Institutions & Policies, ICRISAT, India
N Nagaraj Principal Scientist, Markets, Institutions & Policies, ICRISAT, India
S Nedumaran Scientist, Markets, Institutions & Policies, ICRISAT, India
R Padmaja Scientist, Markets, Institutions & Policies, ICRISAT, India
LM Pandey Visiting Scientist, Markets, Institutions & Policies, ICRISAT, India
P Parthasarathy 
Rao 
Assistant Research Program Director and Principal Scientist 
(Markets, Institutions & Policies), ICRISAT, India
Jim Ryan Former Director General of ICRISAT, Deputy Director of ACIAR, 
Member of the TAC and Science Council of the CGIAR and the first 
Leader of the Economics Program at ICRISAT. 
iii
Acknowledgment
The Friends, Admirers n Students (FANS) of Cynthia Bantilan gratefully 
acknowledge the support provided by various individuals in bringing out 
the e-book titled Raising Hope and Nurturing Options for Agricultural 
Development: Essays in Honor of Cynthia Bantilan.
Dr. William D. Dar, Director General of ICRISAT for his encouragement 
and writing the ‘Foreword ‘for this volume.
Professor Hans P. Binswanger-Mkhize, Dr. Jim Ryan,Dr. Jeff Davis and 
Professor SS Acharya conveyed their regard, love, affection and blessings 
to Cynthia Bantilan on her 60th birthday through their essays.
Dr. Feliciano T Bantilan for expressing his love for Cynthia Bantilan by 
composing two well versed poems which illustrate her various roles in 
life. 
Drs. G Basavaraj, Madhusudan Bhattarai, Uttam Deb, Chanda Gurung 
Goodrich, D Kumara Charyulu, N Nagaraj, S Nedumaran, R Padmaja, 
LM Pandey and P Parthasarathy Rao for rendering respect and love 
through their essays. 
Kasala Kavitha has prepared the ‘Bibliography’ section. 
Cristina Bejosano, Richard Burgos, Smitha Sitaraman, M Madhan, Joanna 
Kane-Potaka, Lydia Flynn and Audrey AR Jayaraj encouraged us in 
various stages of publication of this e-book. 
Copy editing of this book was done by Lakshmi Malladi Chowdhari and 
Atmakoori Cynthia Florence Pamela Samuel.
Cover photo was done by PS Rao.
Type setting of the book was done by Vali and T Nagaraju. 
Arun Kiran Tangirala proof read the essays.
Padmini Haridas, TSS Deepti Rajan, R Kiran Kumar, Deepthi Appani, 
Padmavathi Paddu and Kenneth Muir supported in publication of this 
e-book. 
Uttam Deb took initiative for the book, coordinated all activities and 
edited this e-book to be published.
We thank you all for your enormous support and love for Cynthia 
Bantilan.
iv
vTableContents
Table of Contents
Future of Rainfed Agriculture
S Nedumaran
Some Reflections on Priority Assessment in International 
Agricultural Research
Jim Ryan
Importance of Spillover Impacts in International  
Agricultural Research
Jeff Davis
Chickpea Revolution in Andhra Pradesh of India
D Kumara Charyulu
Biofuels: Alternative Source of Renewable Energy
G Basavaraj
Pockets of prosperity in the midst of poverty
N Nagaraj
Adoption of micro-irrigation for addressing water and labor 
scarcity in the Semi-Arid Tropics of India
Madhusudan Bhattarai
She Walks In Confidence
A Biographical Sketch
Foreword
vii
ix
Xii
1
7
21
27
31
35
41
vi
BIBLIOGRAPHY
Sustaining Diversification of Agriculture Towards High Value 
Crops Through Market Reforms and Policy in India
P Parthasarathy Rao and LM Pandey
Addressing Gender Equality in Rainfed Agriculture
Chanda Gurung Goodrich
Role of Social Networks in Promoting Agricultural 
Development
R Padmaja
Dealing with Risks and Uncertainties in Rainfed Agriculture
Hans P Binswanger-Mkhize
FDI in Multi-Brand Retail: Will Benefit Small Holder Farmers?
SS Acharya
Regional Cooperation for Agricultural Development in South 
Asia: Achievements and Way Forward
Uttam Deb
49
55
59
63
71
87
77
vii
She Walks In 
CONFIDENCE
SHE WALKS IN CONFIDENCE, in cadence 
slow and measured strides,
Commanding is her presence, a demeanour 
she carries with grace and pride;
Her countenance is steady, and reassuring are 
her eyes,
With authority she plainly speaks, in words 
that are concise.
Decision-maker and a woman too, she is as 
prudent as she is wise;
Quick to spot a talent—she cultivates, she 
nurtures, and she gives advice;
To details she attends as only a woman can, a 
gaping gender gap,
The world would be the wiser, if institutions 
would amply tap.
Deliberate are her decisions, methodical, 
unhurried even under stress;
She weighs the consequences, as principles she 
treasures guide her quest;
Once past the point of confidence, she decides 
and moves,
As effectively and efficiently as she has consistently proved.
In mellifluous voice, she speaks in earnest in presentations she makes,
Compelling, convincing, and illuminating to hear, the audience she captivates;
Her ability to communicate is extraordinary, a feather in her cap,
From data entry operators, to Members of Management at the top.
viii
A number of her presentations she delivered more than once;
If you happened to be present in her repeat performance,
You would be amazed to find that it was not at all a bore,
Instead, like a melody heard, the same you want to hear still more.
Early on, she used fuzzy set theory in measuring poverty,
In consultation work with Prof Dagum at NEDA, a government agency;
She worked on wealth uncertainty in a life cycle model;
She analysed Philippine rainfall data using Markov-chain exponential.
Her heart is big to make a dent on lifting up the poor,
“Development pathways” and impact are her work’s core;
To towns and villages, she goes and lives and eats with folks,
To see the poverty dynamics with which the poor are yoked.
Co-bread winner and mother, her three sons and husband she holds dear,
In thought and in her actions, their well-being is her only care;
She takes great pains to give her children an edge in life,
Their response to her love and care, makes her a fulfilled mother and wife.
Soft-spoken yet mistake not, she has a spine of steel;
Un-deterred, un-perturbed, calm and resolved she deals;
Incisive in resolving and decisive in her actions, is she,
No doubts nor regrets but forward looking to her mind is key.
When things go wrong, the buck stops at her desk,
She works a resolution, the problem she deftly puts to rest;
To the summit, she shows the way, in words and deeds,
The staff she does not manage—she L E A D S. 
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A Biographical Sketch
Born first in a family of six siblings,
She naturally led in the business of living;
On her shoulders responsibility was laid,
She set the example in words and in deeds.
A civil engineer was her late father;
Her surviving mother is a retired teacher;
Each of the two was a solid educator,
But her father was her special mentor.
In their house, in Quezon City, he would sit her on his lap,
Waking her number sense, he taught her elementary math;
Her imagination to stir, her creativity to hone,
Grapes he’d produce, he claimed came from the moon.
Sharpened greatly were her math skills,
As father and daughter went over exercise drills;
She would easily win her class’ top honours,
From a combination of nature and nurture.
An extracurricular activity was playing the guitar;
An orchestra member, she was, of University Centro Escolar;
She and others played once in a music extravaganza,
In the Philippine Philharmonic Orchestra, in Manila.
To do undergraduate studies, she went to Diliman, UP1;
Pursued a bachelor in Statistics, and earned her degree;
With a Cum Laude, she applied and was accepted by IRRI2,
But she opted, instead, for a teaching post at UPLB3.
There she met her husband-to-be;
Who taught philosophy there previously;
When she came in, he was then teaching Physics;
She was teaching both mathematics and statistics.
Each was ambitious and big dreams each was after,
At Diliman UP, he was finishing his degree in a Physics Master;
At UPLB, she was finishing her Master’s degree in Statistics;
With a minor, taught by Prof Evenson of Yale, in Economics.
10
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ADC4 of the Rockefeller Foundation, opened scholarships,
For degrees pursued in Agricultural Universities in the US;
A slot she got for a PhD in Economics and Statistics,
In North Carolina State University, she pursued her PhD studies.
At the same time, her husband-to-be obtained a fellowship,
From the Philippine Government for a PhD in the US;
All parties involved were unanimous—before they leave,
They must be wed and take the vow in marriage.
Off to the US they went, filled with hopes and spirit of can do,
She landed in Raleigh, North Carolina; he in Chicago;
After a while, their telephone bills were going ever higher,
A solution had to be found for the newly wed to be together.
Either she transferred to the University of Chicago where he was;
Or he transferred to a university in North Carolina, where she was;
Her scholarship was not flexible; but his—it was left to him to decide,
So, to Duke University, he finally transferred to be at her side.
In 1984, she obtained her PhD in Economics and Statistics;
She came back to UPLB, an Assistant Professor of Economics;
She had the knack of delivering lectures—stimulating and clear;
Award in the Social Sciences she won for being the Best Teacher.
In 1991, UPLB honoured her the Best Researcher in Economics;
For poverty and income distribution modelling and econometrics; 
And work she did in a multi-country project funded by ACIAR5: 
Research Priority Setting in Asian Agriculture.
She was a consultant to the Poverty Group at NEDA6;
NEDA was then adopting the Model of Prof Dagum from University of 
Siena;
Then, Jim Ryan of ACIAR contacted her for a project to assess impacts;
This led, in 1991, to a Ryan offer to be leader of impact studies at ICRISAT.
The offer she accepted and started office in August 1992;
She daily commuted to ICRISAT campus in Patancheru;
Solidly she built the group—REIA7—to quantify ICRISAT’s impacts;
To Research Priority Setting, REIA’s assessments gave feedback.
11
– Feliciano T Bantilan
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Mainstreaming impact assessment in research mind set,
Was a challenge; in the end success her group did get;
Her stature grew, as well as her leadership responsibility,
She was made Program Director, in 2000, based in Zimbabwe.
In 2002, she came back to main Headquarters, still Program Director;
In the new reality, growing is the proportion of funds from private 
donors;
The last decade saw, in number of projects and of staff, a big expansion;
A large part of bill for VLS, TL II and HOPE is from Bill-Melinda Gates 
Foundation.
Year 2013 is special; she and her husband are proud of the three;
The eldest from Princeton U, in physics theory will get a PhD degree;
The second from CUNY, a Master’s in Bio-Statistics and Epidemiology;
Third is pursuing an MS in Social Medical Sciences in Columbia University.
Her professional life she has spent in understanding the poor;
Delineation of pathways to rise from poverty is her work’s core;
The team she has gathered has equally the same motivation;
It is expanding poverty understanding and its policy implications. 
1  University of the Philippines
2  International Rice Research Institute
3  University of the Philippines at Los Banos
4  Agricultural Development Council
5  Australian Centre for International Agricultural Research
6  National Economic Development Authority
7  Research Evaluation and Impact Assessment
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W hat is the appropriate goal of economic and social policy? 
Where people are starving, economic 
growth is universally viewed as the 
key objective. Food comes first and 
philosophising second. As economies 
get richer, however, they can afford to 
question the need for further riches. 
Greater wealth does not seem to buy 
extra happiness. 
Everybody close to Dr. Cynthia Bantilan, 
however, knows that nothing can make 
her happier than creating options for 
agricultural development and raising the 
hopes of millions of farmers.  Throughout 
her life, she has been tirelessly working 
for agricultural development in Asia and 
sub-Saharan Africa in various capacities, 
mostly documenting and studying the 
voices of the poor so that appropriate 
economic and social policies could be 
established to make the poor co-authors 
and not just bystanding beneficiaries of 
the development process.  On the occasion of her 60th birthday, I am pleased 
to see that her Friends, Admirers n Students (FANS) have written a volume of 
essays on agricultural development  as a fitting gift – to remind her of her wealth 
of friends, the reason for her being, the impact of her life’s work, or simply to gift 
her with an extra iota of happiness.
As a colleague, I am delighted to write the Foreword for this volume of Essays in 
Honor of Cynthia Bantilan which will be published as an open access e-book.
Agricultural development planning requires an in-depth understanding about 
future scenarios and challenges which can be addressed in meaningful ways 
through allocation of resources, development of strategies and plans, and 
identifying priorities for agricultural research and technology generation.  
Knowledge about the technology needs of farmers and their technology 
adoption pathways helps scientists develop improved cultivars and resource 
management technologies suitable to farmers’ needs.  Feedback to policy 
makers and researchers about impacts of agricultural technologies on farmers 
and consumers are essential for promoting agricultural development as well as 
securing continuous financial support from development investors. Agricultural 
development also requires capacity building and nurturing brilliant young 
minds to work for agricultural research and development. Cynthia, throughout 
her life has worked on all these aspects and generated enormous wealth of 
knowledge and inspired many scholars. She has a good grasp on the future of 
dryland agriculture, and has been articulating emerging challenges and farmers’ 
xiii
needs for a long time.  Her insights and recommendations for public investment, 
research priority setting, resource allocation and impact assessment particularly 
in dryland agriculture have been valuable to all concerned.
One of the Jewels of ICRISAT is our Village Level Studies (VLS). The first 
generation VLS were conducted from 1975 to 1984 and in 1989. Village 
level studies were revived at ICRISAT in 2001 under the leadership of Cynthia 
Bantilan. The revitalized ‘Village Dynamics Studies in South Asia (VDSA)’ 
have been providing quantitative and grassroots level insights and evidence on 
long-term poverty dynamics and determinants since 2009. Insights developed 
through these studies provide a wealth of information for policy makers and 
international development funding institutions to determine where to invest 
their resources and how. VDSA have increased the availability of reliable data 
to scientists, policy makers and donors, actually giving a voice to the poor and 
forgotten. These studies remind us again and again that the soul of agriculture 
remains in the villages.
At ICRISAT, we generate scientific and technological innovations to reduce 
vulnerability to drought and climate change while increasing crop diversity 
and value. We increase agricultural productivity to help end hunger and food 
insecurity.  We create options and put forward insights to harness development 
pathways for inclusive prosperity; raise and secure productivity for health, 
income and sustainability. We work for development outcomes such as food 
sufficiency, intensification, diversification, resilience, health and nutrition, and 
women empowerment. We provide open access to the knowledge created by 
ICRISAT and partners. Open scholarship benefits the whole world’s science, 
enabling the free flow of research information between north and south, east 
and west, helping research to progress much more effectively.
This e-book entitled Raising Hope and Nurturing Options for Agricultural 
Development: Essays in Honor of Cynthia Bantilan covers a wide range of 
issues. These include the future of rainfed agriculture, research priority setting, 
impact assessment, the chickpea revolution, biofuels, management of natural 
resources, agricultural diversification, gender equity, role of social networks 
for technology adoption, facing the challenges (risks and uncertainties) and 
tapping the opportunities presented by, say, FDI in retail marketing and regional 
cooperation for agricultural development.  Open access e-books promote 
knowledge without boundaries.  Thus, the book will promote our shared vision 
of a prosperous, food-secure and resilient dryland tropics and open access to 
knowledge for all.
I do hope that readers will enjoy the essays written by eminent and young 
scholars. Policy makers will benefit from insights and suggestions for policy 
formulation, development of projects and promoting regional cooperation for 
agricultural development. Agricultural scientists will find valuable information 
for development of technologies to cater to the needs of dryland farmers.
William D Dar
Director General 
ICRISAT
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1One of the most important challenges faced by the humanity in the context of population explosion in the developing countries is 
poverty, food insecurity and waterscarcity. Agriculture around the world 
is predominantly rainfed, practiced on 80% of the world’s land area and 
generating around 70% of the world food staples (Sharma et al, 2010).
Rainfed agriculture is being practiced in the developed world  while 
the developing world adopts agriculture through irrigation. If in the 
future if food security of the all the regions is to be ensured, there can 
be no such reliance on a single method of agriculture be it developed 
or developing world. Both irrigated and rainfed agriculture contributes 
equally to the food production in the present and the same could be 
expected to continue in the future. The projections of future demand for 
food grains have shown that there will be huge production deficits in 
food grains, cereals, oilseeds and pulses. Rainfed agriculture along with 
irrigated agriculture has the potential to produce sufficient amounts of 
food to ensure the food security of the world in the future. However, the 
potential of rainfed agriculture to produce competitively warrants a fresh 
reassessment.
According to the estimates the area share of global rainfed croplands in 
agriculture stood at 1.75 billion habythe end of the last millennium. This 
is approximately 5.5 times of the world irrigatedarea (Rosegrant et al, 
2002).Due to better and reliable rainfall patterns and good management 
practices in the developed countries, the yield levels from rainfed 
agriculture have been higher. The share area of rainfed agriculture in the 
overall global cereal production at present is 69%, 40% for rice, 66% for 
wheat and 82% for maize. The global rainfed cereal yield (2.2 m tons)is 
65% of that of the irrigated  yield. According to the IFRI’s impact water 
model projections, rainfed agriculture would continue to play a major 
role in cereal production on par with that of irrigated agriculture. On 
an average, the rainfed cereal yield in the developed countries stood at 
3.2 metric tons per hectare and has been projected to grow at a rate of 
3.9 metric tons per hectare between 2000-2025 (Rosegrant et al, 2002). 
Future of Rainfed Agriculture
S Nedumaran
2Developed countries mostly in tropical and humid climatic regions 
depend on rainfed agriculture largely due to reliable rainfall regimes. 
Whereas, in the developing countries irrigated agriculture is practiced to 
a large extent due to uncertainty in the rainfall regimes. Also, agriculture 
in the developing countries is characterized by traditional agricultural 
practices, lower adoption of improved varieties and poor management 
practices. In addition to these, as a result of low land and labour 
productivity, rainfed yield levels in the developing countries are very 
low compared to that of the developed countries. Most of the research 
in agriculture in the developing world has concentrated on increasing 
the irrigated yield levels thus far and there have been very insignificant 
investments in rainfed agricultural areas if any. The yield gap analysis 
for rainfed crops in the developing world have revealed that large yield 
gaps via actual realized yield of 1 -2 tons/ha compared to attainable 
yield of more than 4tons/ha in these areas (Bharat et al, 2010).The large 
yield gaps are suggestive of the scope for achieving higher gains in food 
production via improvements in the productivity of rainfed agriculture.
Rainfall is a random input and its variations are high in the dependent 
areas.Rainfed agriculture in regions characterized by erratic rainfall is 
subject to large inherent water related risks. As against the common 
perception, deficit rainfall /absolute scarcity of water is not the key 
issue that needs to be addressed to increase the productivity of rainfed 
agriculture in the developing countries (Rockstrom et al, 2009). Rather, it 
is the water management practices that need the attention of the policy 
makers, since in reality it is not the amount of rainfall that limits the 
production in most of the regions but it is their variability which is having 
an impact on the productivity of rainfed agriculture in most regions. In 
this context, it is pertinent to distinguish between dry spell and drought. 
While dry spell refers to the absence of rainfall during 2-3 weeks of critical 
plant growth, drought refers to the absence of rainfall for long periods of 
5-10 years. While the impacts of dry spells can be reduced or completely 
mitigated through better soil water management techniques no such 
options exist for tackling drought, which requires social coping strategies 
on a large scale. Thus, crop failures commonly blamed on drought/dry 
spell could be prevented and in many cases avoided through better on-
farm level water management techniques. Besides water, there are many 
other factors that limit the productivity in rainfed areas.Since rainfall is 
the prominent random parameter which is beyond the farmers’ control 
3the inherent risks associated with water, limits the farmers from making 
investments in other mitigating factors that might affect productivity.
Given below are some steps which could help in enhancing the rainfed 
productivity particularly in the developing countries. These steps may 
bridge the afore-mentioned yield gaps and thus ensure food security.
• The risks associated with rainfed agriculture could be lowered 
by making investments to enhance soil and water conservation 
(Rockstrom et al, 2009). 
• Water has primarily been viewed as an in situ moisture management 
i.e. maximizing the rainfall infiltration through moisture conservation 
techniques rather than managing water resources to bridge the gap 
resulting due to periodical scarcity. This issue could be addressed by 
having  better water management policies in rainfed areas (Rockstrom 
et al, 2009).
• The ineffectiveness of rainfed agriculture in many places stems from 
land degradation and poor soil nutrient availability. In such cases, 
making site specific macro and micronutrient amendments are found 
to have significant positive impact on increasing rainwater productivity 
and thus generating higher yields. There is a need for a paradigm 
shift from the traditional nutrient management practices to integrated 
genetic and natural resource management (IGNRM) which offers 
integrated solutions by combining genetic, management related and 
socio-economic components (Wani et al, 2009; Venkateshwaralu et al, 
2012).
• At present there exists an artificial divide between water management 
for irrigated agriculture (blue water management) and rainfed 
agriculture(green water management). Most of the currently practiced 
water management measures are blue water management techniques 
while hardly any attention has been given to green water management 
techniques. Such a policy divide has to be broken wherein equal 
importance is given to both blue and green water management 
techniques.There must be an improvement in the scope of the 
presently followed water resource management (WRM) techniques 
under an enlarged umbrella of integrated water resource management 
(IWRM), renewed importance being given to water use efficiency at 
all levels (Rockstrom et al., 2009).
• Several studies in the past have revealed that good in situ rainwater 
conservation when complimented with other external measures 
4like soil water conservation, result in significant yield increases and 
related increase  in the rainwater productivity. Some of the in situ 
water conservation techniques that have been very effective include 
terracing, construction of bunds, ridges and other micro basins.
(Venkateshwaralu  et al., 2012; Wani et al., 2009) 
• Conservation agriculture is yet another strategy to enhance yields 
via improvements in soil productivity and moisture conservation. 
Conservation agriculture, an in situ water harvesting technique, 
encompasses a range of non-inversion techniques used in 
combination with mulching to improve the organic water of the 
soil. Yield gains also become possible due to practices such as 
replacement of plowing by techniques such as sub soiling and 
ripping. Deep ripping helps in breaking the hard and compacted 
layers of soil and thereby increases the porosity of soil resulting in 
increased infiltration of rainwater into the soil. The resultant yield 
gains attainable will range between 20-120% and enhancement of 
rainwater productivity range between 10-40%.The suitability of all 
types of soil for the practice of conservation agriculture and their 
relative lower investment requirements makes them promising options 
for upgrading rainfed agriculture in the future. (Rockstrom et al., 
2009, Wani et al., 2009). 
• At present there is wasteful loss of rainwater through evaporation, 
which needs to be converted to effective transpiration. This could be 
achieved by making appropriate investments in improving soil fertility 
which in turn is found to increase the green water productivity. 
• At present a number of fragmented watershed programs are being 
used to increase water productivity. However, if the actual benefits 
are to be reaped, synergies from all of these have to be capitalized 
on, through adoption of cooperative and collective watershed 
management programs via cross scale interaction from household till 
catchment scale. Watersheds should be developed as business models 
through public private partnership and these have to be linked to 
markets. ( Rockstrom et al, 2009)
• An integrated analysis of water resources across scales will illustrate 
interesting win-win opportunities between upstream green water 
investments and implications for downstream water uses.
• Rather than trying to ensure sufficient water supply throughout the 
entire growth period of the plant, the emphasis now has to be to 
5enhance the productivity of rainfed agriculture. This must ensure the 
water to bridge the dry spells and thereby increase agricultural and 
water productivity through new and innovative water management 
techniques. This  has to be facilitated through conducive institutional 
and policy interventions.(Rockstrom et al, 2009).
• Supplementary irrigation to crops through an ex situ water harvesting 
system to provide water during periods when rainfall is insufficient, to 
provide essential soil moisture. Construction of storage structures for 
conservation of water will reduce the runoff from the farm fields there 
by reducing the risks associated with rainfed agriculture, and trigger 
the untapped potential for increasing the rainwater productivity. This 
technique of reducing the risks associated with rainfed agriculture 
has shown to stabilize yields. A key advantage of this technique is its 
affordability by small scale farmers which makes it more attractive. 
Previous studies have shown that supplementary irrigation has the 
potential toproduce more than double yields through improved water 
productivity (Sharma et al.,2010; Haddad et al., 2011)
• In the phase of increasing uncertainty due to impacts of climate 
change on rainfall patterns, productivity enhancements through use 
of biotechnology, targeted research and adoption of high yielding 
seed varieties and better public private partnership for agricultural 
extension activities have been advocated. 
In a world thus faced with the challenge of increasing water and food 
insecurity, designing policy for sustainable economic development 
becomes a herculean task. Policies in the past that have concentrated 
on increasing investments in irrigation alone as a means of securing 
food security no longer seem to be relevant as increasing investments in 
irrigation have started to yield lower marginal benefits. On the other hand, 
increasing investments in rainfed agriculture are found to be yielding 
higher marginal returns. Thus, maintaining the functionality of the existing 
irrigation infrastructure and reliance on sustainable rainfed agriculture seem 
to be sensible options for ensuring the future food security of the world and 
for the economic development of various countries across the globe. Thus 
it has become clear that concerted action by farmers, researchers, policy 
makers and the use of better technological innovations, biotechnology and 
adoption of better management practices are required to meet the future 
food and feed demands.
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IntroductionLike Ma. Cynthia Bantilan, I have spent a considerable part of 
my professional career conducting research on impact and priority 
assessment of agricultural research and have used the results as a 
manager, at both the national and international levels. My association 
with Ma. Cynthia goes back 30 years, to when I joined ACIAR in 
1983. Hence it only seems appropriate that I reflect on some of these 
international aspects. She has been involved in all the three levels as 
I have, namely the international research institute, funding agency 
and global perspective, as described in the following sections. As we 
celebrate her career on the occasion of her three score birthday, it is 
apposite that I dwell on my experiences at all these levels.
Ma. Cynthia is one of the most dedicated and conscientious professionals I 
have had the pleasure of working with. She is an outstanding team leader, 
as is illustrated by her work in the Philippines on the ACIAR/BAR project, 
as well as during her tenure at ICRISAT. That, along with her husband Jun, 
she has raised three exceptionally talented boys, both academically and 
musically, is testament to her unwavering devotion to family. I trust she 
enjoys my reflections, many of which are drawn from work that involved 
her. 
An International Research Institute Perspective
ICRISAT was established in 1972 with a mandate for four commodities 
and an agro-ecology. Sorghum, millets, pigeonpea and chickpea were 
the initial four commodities chosen for the crop improvement program 
and groundnuts were added in 1974 (see Bunting et al.1974). The 
semi-arid tropics (SAT) were to be the primary focus of the research 
on farming systems, which was also where much of the production of 
the five mandate crops was, but by no means all of the production was 
concentrated. Also the SAT had many other commodities in the key 
production systems. This lack of congruence between the commodity and 
agro ecological mandates of the institute would prove to be a perennial 
issue in formulating strategies and priorities.
Some Reflections on Priority Assessment 
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8With a mandate of five crops and an agro ecology both spanning several 
continents, there was from the outset considerable attention paid by the 
Board and Management to setting priorities among these in a consistent 
and systematic manner. As a result the economists were called upon 
extensively to provide information, analyses and guidance to this process. 
One of the first papers was an assembly of basic information on the semi-
arid tropics and the mandate crops (Ryan, 1974). This was followed by a 
simple congruence analysis (Ryan, 1978) as an input into the formulation 
of institute strategies and priorities in preparation for its first Quinquennial 
Review by the TAC. 
The issue of the regional balance in the staffing pattern began to emerge 
during and after the review and in particular the appropriate share for 
India versus West, Southern and Eastern Africa and Latin America. 
Related to this was the question of research infrastructure and facilities. 
The ICRISAT Centre campus in India took shape by around 1980 and the 
expectation at that time was that this would serve as the research hub for 
the 49 countries with SAT environments and/or for those who grew the 
mandate crops. This was predicated on the notion that the experience 
of the Green Revolution in rice and wheat could be replicated; namely 
that spillovers from a wide adaptability could be exploited from India. 
Additionally, with an abundance of low cost skilled Indian scientists to 
draw upon to help staff the Centre, such a strategy was viewed as very 
cost-effective. To the contrary, Sub-Saharan Africa (SSA) was not well 
endowed with skilled scientists and NARS infrastructure was often non-
existent in its SAT environments.
As an input into the decisions about regional foci and the need to 
consider the value and desirability of enhancing ICRISAT’s presence in 
SSA in particular, a paper was prepared for consideration of the Program 
Committee of the Governing Board (von Oppen and Ryan, 1981).1  
The paper employed a modified congruence approach that examined 
the relative importance of the various SAT geographic regions and the 
mandate commodities, with the then allocation of staff resources.2 The 
need to reconsider a balance in favour of a more uniform spread of 
ICRISAT’s resources across the regions (than was the case in 1980) was 
suggested in this analysis. This was reinforced by the growing realisation 
that, unlike the more homogeneous irrigated and assured rainfall 
environments that allowed spillovers to be fully exploited in the Green 
1  The paper was subsequently revised and published as von Oppen and Ryan (1985).
2 This was a relatively novel analysis in the CGIAR at that time in linking priorities to 
indicative resource allocations. This subject remains an elusive one for economists and 
the CGIAR, even today. More will be said about this later in the paper.
9Revolution in rice and wheat, in the rainfed SAT biotic and abiotic, 
heterogeneity was the rule. This was exemplified by the experience with 
breeding for downy mildew resistance in pearl millet. The resistant lines 
developed in India did not with stand what turned out to be the different 
races of downy mildew found in SSA. This cast considerable doubt about 
the ability of ICRISAT to exploit wide adaptability concepts in the SAT 
with the mandate crops. In their concluding remarks von Oppen and 
Ryan (1985, p. 261) indicated that:
“There seems to be increasing evidence from accumulating 
research experience that it may be difficult to develop improved 
cultivars at ICRISAT which will have wide adaptability across  
the SAT. Variations in day length, growing season, temperature, 
pests and diseases seem to preclude this. If this is true, it means 
that to adequately serve the other major regions of the SAT and 
to increase the probabilities of success may indeed require more 
regionally-focussed research activities……..We acknowledge 
the importance of technical and scientific considerations in 
determining any regional devolution strategy, even though we 
have emphasized the potential role of socioeconomic factors…
It may even be true that the “optimum amounts” of centralization 
and devolution are commodity- and/or problem-specific”.
Another feature of the von Oppen and Ryan (1985) paper was the 
broadening of the congruence concept to embrace emerging concerns 
about the poor amongst the donor community.3 Hence in addition to 
efficiency criteria such as population and the gross values of production, 
equity indicators such as per capita incomes and nutrient and food 
consumption were included and various composite priority indices were 
constructed using different weights on equity versus efficiency criteria. 
The regional priority indices for each mandate crop were then compared 
with the current scientific staff allocations to inform future regional 
staffing strategies at the margin.
In 1991 a more systematic priority assessment exercise began at ICRISAT 
involving participatory ex ante multi-objective impact assessment 
and priority setting at the program/project levels, creating extensive 
connectivity of institute scientists and the NARS. It was a bottom-up 
approach as opposed to the more top-down congruence approaches 
that preceded it. It resulted in a priority ranking of some 110 prospective 
projects being considered in the context of a medium-term plan, with 
indicative resource requirements arrayed alongside, so that one could 
3 Indeed such issues had emerged much earlier and were addressed conceptually by 
Binswanger and Ryan (1977).
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assess how far one could go down the list by comparing cumulative 
resource requirements with indicative institute funding levels. Again 
this was a novel approach of linking priority assessment with indicative 
resource allocations. This is something that ought to be revisited by the 
IARCs and the CGIAR as they continue to refine the Strategy and Results 
Framework. At present there seems to be no mechanism to do this. The 
framework used in ICRISAT’s 1994 Medium Term Plan was subsequently 
published by Kelley, Ryan and Patel (1995).  
As a further measure to endeavour to institutionalise priority assessment 
and make it a learning experience and not an episodic one (in response 
to donor imperatives as it often is), ICRISAT began to follow up its 1994 
exercise. It linked its growing emphasis on ex post impact assessment 
with continuing validation of the key inherent parameters used in the 
participatory ex ante impact assessments for the 1994 Medium Term 
Plan. Ma. Cynthia Bantilan led this process after she joined ICRISAT in 
1992, building on her wealth of prior experience as the leader of a major 
priority assessment exercise in the Philippines. This was conducted in 
collaboration with Jeff Davis and the author, both of whom were the 
then staff of ACIAR. A paper was prepared by Bantilan and Ryan (1996) 
which began to compare ex ante and ex post impact parameters such as 
adoption rates and levels to gauge how they might be modified in future 
priority assessment exercises. An interesting outcome of this analysis was it 
seemed, in the ex ante impact assessments used in the 1994 Plan, that most 
program scientists were either realistic or pessimistic about likely adoption 
parameters, except those in the chickpea program, who were invariably 
overly optimistic. Hence one conclusion was that in the next round, 
one would look more carefully and/or discount some of the adoption 
parameters being suggested by that program. One conclusion from this is 
that such continuing validations should be an integral part of the learning 
experience in the reformed CGIAR, especially once the Strategy and 
Results Framework is further refined in the manner suggested earlier.4 
Ma. Cynthia, Jeff Davis et al. are now building upon the past work at 
ICRISAT and in ACIAR to revisit the spillover concepts and operationalize 
them in such a way that commodity and regional priorities can be further 
refined (Bantilan and Davis, 1991). In this process it is hoped that it may 
not only provide new insights for ICRISAT, but serve as a model for the 
CGIAR as it advances the Strategy and Results Framework. However, 
both would be well advised to give greater consideration as how best to 
link priorities with indicative resource allocations. Unless this is evident, 
4 The papers in the edited volume by Raitzer and Norton (2009) provide a valuable 
input into designing a more systematic approach to the revision of the Strategy and 
Results Framework. 
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there is a risk that, as is currently the case, resource allocations to CRPs 
will continue to essentially reflect historical allocations based on recent 
triennial budgets of participating IARCs. One would expect a truly 
reformed CGIAR to avoid a “business as usual” posture that this type of 
outcome would suggest. Looking at CRPs such asDryland Cereals and 
Grain Legumes, it appears that no serious attempt has been made to 
revalidate resource allocations among the constituent commodities after 
the IARC programs have been amalgamated and reformulated into the 
CRPs concerned. A quick and cursory congruence analysis by this author 
has revealed this. Such a revalidation must occur in the context of further 
development of the Strategy and Results Framework. 
A Funding Agency Perspective
The focus here will be on ACIAR as a funding agency in the Australian 
aid program. In that sense it is a “demander” of research outcomes and 
impacts. This contrasts with the perspective of a research institute like 
ICRISAT (in the previous section) that is a research “supplier” of outcomes 
and impacts. ACIAR has a multi regional and multi-country perspective 
and was established in 1983.
As a new organization, the Board and Management of ACIAR was 
keen to ensure that it followed a systematic approach in its priorities 
within the framework of Australia’s aid focus on its near neighbours 
in the South Pacific and Asia. In emphasising a partnership approach 
with neighbouring countries to the mutual benefit of both the partners, 
and exploitation of Australia’s comparative advantage in agricultural 
research, ACIAR therefore had to consider both partner country priorities, 
Australia’s interests and its scientific capacity to respond. This was a 
challenging assignment for ACIAR and to the economists who were 
enlisted to try and integrate all these variables into a consistent priority 
assessment framework.
The result of this task was the development of an international framework 
to guide priority assessment at ACIAR that built upon the seminal 
work of Edwards and Freebairn (1984),who articulated the concept 
of technological and economic spillovers in a two-country trade 
context. The development of the ACIAR international framework was in 
recognition of   Australia and its partner countries that were expected to 
benefit from projects supported by ACIAR where the total impacts were 
5 It was argued early in the process by Ryan and Davis (1988) that agricultural research 
priorities for ACIAR should be assessed primarily with respect to their likely contribution 
to economic growth. The framework that resulted, used this as the guiding principle, 
while arraying possible trade-offs involved in pursuing other geo-political and equity 
objectives. 
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desired to be as large as possible.5  The latter implied that even in the 
selection of bilateral projects with developing countries, there should 
be explicit consideration given to the scope for the research outputs to 
spillover to other countries besides Australia and its immediate research 
partners.
The international framework involved the development of a multi-country 
partial equilibrium trade model that allowed research on a commodity 
in one country to spillover into others with similar agro ecologies. 
These research spillovers would occur with variable lags depending 
on assessments of conditioning factors like the strength of the NARES, 
and other infrastructure constraints. Productivity gains from research 
were translated into supply shifts from which economic surplus gains 
were estimated.6 The framework and early empirical applications were 
published by Davis, Oram and Ryan (1987). Further refinements to the 
framework and extensions to the commodity coverage in ensuing years 
led to a template of commodity priorities that was used as a sieve when 
assessing collaborative project proposals in the internal review processes 
of ACIAR. Break-even k shift parameters which would equalise the 
economic surpluses were calculated across the range of commodities 
that were considered economically important to partner countries and 
Australia. These were used to group commodities in descending order of 
priority. In this manner a linkage was formed between priority assessment 
and the project evaluation and funding processes of ACIAR.
The Minister, with advice from the Board and Management, had decided 
on indicative ACIAR budget shares for the geo-political priority regions 
for the Australian Aid program, of which ACIAR was a part. Hence the 
framework was modified to allow regional priorities to be assessed 
individually, rather than on a global perspective, as would be appropriate 
for the CGIAR.7 These regional analyses were used as inputs into the 
regular planning meetings that ACIAR conducted in partner countries. 
They were not used as a top-down imperative, as ACIAR always began 
its dialogues with partners by responding to their sense of priorities. 
The regional priority assessments were not only a part of the dialogue 
but an important one to help ensure that spilloversincluding those to 
Australiawere maximised as far as possible. These mutual benefits were 
key requirements for ACIAR in funding collaborative projects. Indeed 
6 A standardized 5% vertical supply shift (the k factor) was used for all commodities 
with conditioning factors such as infrastructure and extension capacities used to modify 
adoption parameters in the economic surplus calculations.  
7 The global perspective will be discussed in the following section.
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it was this requirement that provided the primary motivation for the 
development of the international priority assessment framework of Davis, 
Oram and Ryan (DOR), and especially its focus on refining, extending 
and operationalizing the spillover concept first raised by Edwards and 
Freebairn.8 
The DOR framework was further enhanced by four country case studies 
which employed it or the modified versions thereof. These ACIAR/ISNAR 
country priority assessment studies were conducted in collaboration 
with partners in Indonesia, Papua New Guinea, the Philippines and 
Thailand. A large number of ACIAR/ISNAR Project Papers were written 
jointly by these partners and their Australian counterparts. Ma. Cynthia 
jointly led the Philippines case study with Jeff Davis, which involved BAR 
and PCARRD. It was arguably the most successful of the four studies, 
although as was the case with all of them, once the key leaders moved 
on, the momentum was lost after a period. This inability to sustain and 
institutionalise research priority assessment seems to be a feature at 
all levels discussed in this paper.9 The seminal paper on spillovers by 
Bantilan and Davis(1991) grew out of the Philippines study and was 
published in the ACIAR/ISNAR Project Paper series.
A Global Perspective
A variant of the DOR framework was developed by Ryan and Davis 
(1990 and 1991) for the consideration of TAC of the CGIAR, as it was 
conducting its periodic strategies and priorities exercise. It provided 
both a global perspective of commodity priorities and several regional 
perspectives based on the TAC’s continental agro ecological regions 
(CAERs). The latter were considered important for the assessment of 
priorities in sustainable farming systems and resource management 
research in an eco-regional context, a theme of increasing importance 
in the CGIAR at the time. The former of course were important for crop 
improvement priorities. The innovation in the papers was that it provided 
a way of comparing “apples with oranges” for the first time. Namely, one 
could view farming systems/sustainable resource management research 
as potentially impacting on either or both current and future commodity 
productivity by using an aggregation of the major commodities in the 
farming systems concerned as the beneficiaries of such research.10 These 
benefits would be comparable to those used for commodity improvement 
research in the DOR framework.
8 Jeff Davis and Ma. Cynthia were instrumental in this latter process, which continues 
today. 
9 Davis and Ryan (1987) discuss these issues.
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Unfortunately TAC decided not to espouse the Ryan-Davis variant and 
instead developed a somewhat mathematical spread sheet approach to 
priority setting (Gryseels et al. 1992). This elicited much criticism.The 
TAC framework emphasized demand-side factors, whereas the Ryan-
Davis variant incorporated supply-side considerations that can illustrate 
the likely benefits that can flow from alternative research investments (Mc 
Calla and Ryan, 1992).  The latter is a current imperative for the impact/
results orientation of the reformed CGIAR. The Ryan-Davis variant of 
the DOR framework, suitably modified, can and should be considered 
by the CGIAR as it continues the challenge of revising the Strategy and 
Results Framework (SRF). The excellent work being currently undertaken 
by Ma. Cynthia, Jeff Davis and their colleagues at ICRISAT can be 
extended beyond the two CRPs that ICRISAT is leading, to embrace the 
whole CGIAR CRP portfolio. It could result in graphics like Figures 2-6 
in Ryan and Davis (1991, pp.23-27) that provide a mechanism of linking 
resulting priority assessments and current resource allocations to facilitate 
adjustments to the latter at the margins.11 
Alternatively, the CGIAR could utilise the framework of Kelley, Ryan 
and Patel (1995) in the Strategy and Results exercise, where the 15 CRPs 
are subjected to ex ante impact assessments and arrayed in descending 
order of priority accordingly. A number of the larger CRPs could even be 
further disaggregated into sub-programs for the priority assessment. The 
Consortium would need to lead such a process.
Some Hardy Perennial Issues
To conclude I list, in no particular order some issues that have and 
continue to elude those like Ma. Cynthia who have spent much of their 
careers working on research priority and impact assessments:
• The difficulty of linking ex post and ex ante impact assessments 
in a way that better informs the process of research priority setting 
10 Sustainable resource management research that has longer term conservation 
benefits can be viewed in the same manner as other productivity enhancing research. 
Namely, successful research implies that future productivity of crops in a system relying 
on natural resources like soils and landscapes would be higher than they otherwise 
would be without the research. Hence the aggregated expected increased productivity 
can be factored into a DOR analysis in the same way that individual crops are when 
considering breeding research.  
11 Experience suggests that if priority assessments like those discussed in this paper are 
to have an influence on decision-makers, they must result in easily digested graphics 
like these or the box diagrams in Ryan and Davis (1988, p. 20 and 1990, pp.25-26). 
Of course decision-makers must also be involved in the process of developing the 
priority assessment framework such that it is not a “black box” to them and meets their 
objectives and information needs (Ryan and Davis, 1990). 
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and the associated allocation of scarce research resources. Can or 
should the former provide validations of earlier assumptions about 
key parameters such as adoption rates and levels for future ex ante 
impact assessments and priority setting? Related to this is the question 
as to whether sizeable documented ex post impacts imply that, more 
or less priority should be accorded to the same themes in future. In 
other words, is there a “research production function” that exhibits 
either increasing or diminishing returns to further investments on a 
given theme?  Perhaps even negative returns? How can we know this 
a priori?.12 At present ex post impact assessments are mostly used only 
for accountability purposes to funders and not explicitly inex ante 
priority assessments.
• In the DOR framework and its current refinement underway at 
ICRISAT by Ma. Cynthia, Jeff Davis and their colleagues, spillover 
concepts are being further developed and refined, which is welcome. 
However the empirical applications that are currently underway 
only examine them by commodity and agro ecology. Whilst it is an 
admittedly more challenging task, it is desirable to further disaggregate 
spillovers by theme within each commodity and agro ecology, as was 
done implicitly in the earlier ICRISAT exercise described in Kelley, 
Ryan and Patel (1995).
• The increasing emphasis on partnerships in international agricultural 
research makes attribution in impact assessment more difficult. This 
will especially be the case with the new emphasis on often large and 
complex CRPs in the reformed CGIAR portfolio. Funders will need to 
accept that individual institutions in future may not be able to clearly 
claim credit for specific impacts. Even if funders do accept this, it 
will remain a challenge for individual institutions to justify particular 
core funding levels to enable a minimum critical mass of scientific 
resources, both physical and human.
• Poverty alleviation has become a primary objective in the CGIAR and 
the donor community which supports it. How to factor in this concern 
explicitly in a research priority assessment context remains elusive. 
An often forgotten rationale for a focus on economic surplus in impact 
assessments is that it represents new income streams available to both 
poor and non-poor consumers and producers. How to ensure it is 
the poor rather than the non-poor who largely benefit is moot.13 The 
CGIAR has primarily focussed on the staple food crops, which mostly 
are grown by poor and small farmers. They also represent the bulk of 
12 Binswanger and Ryan (1977, pp.220-221) discuss these issues.
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the consumption expenditures of the poor, whether they be in urban 
areas, are landless in rural areas, or consume most of their production 
as small farmers. Hence the price arresting or reducing effects 
of research arguably represent the most important and pervasive 
contribution of research to the poor. Using indicators such as the 
number or share of poor in a region as a guide for allocating research 
resources may not guarantee maximum impacts on the poor. What 
poor small farmers may gain as producers and consumers in such 
regions may be dwarfed by the opportunity costs of lost marketable 
surpluses from more affluent farming regions that reduce prices for 
poor consumers outside of such regions.
• Related to the poverty alleviation imperative is the current emphasis 
in many of the CRPs on innovation systems and value chains as 
means of bringing poor small farmers out of poverty. It is not clear 
to what extent such an emphasis will benefit the poor, especially 
poor consumers, or what the comparative advantage of the CGIAR is 
in value-addition research or market-oriented development. Value-
adding means higher prices almost by definition, and a priorithis 
can not be to the benefit of the urban poor, and maybe not even 
to poor rural net buyers. For example it may well be that value-
adding innovations such as sweet sorghum for ethanol may be of 
significant benefit to middle-people rather than to smallholders or 
women. However these are researchable questions that deserve 
to be prominent components of the research agenda of the CRPs 
concerned.They should start with the seminal work in Australia on 
these issues by Freebairn, Davis and Edwards (1982),and Mullen et 
al.(1988, 1989). These found that cost-saving research beyond the 
farm gate often does not benefit farmers and can have unintended 
consequences. The distributive effects depend on many factors, 
including elasticities of farm and retail demands, their relation to 
supply elasticities and elasticities of factor substitution all along the 
production to market chain.
• Additionally value chain analysis might prove to be very location 
specific that IPGs will be difficult to generate. The proponents need 
to consider this more explicitly in deciding on which value chains 
to select for intensive research. The approach suggests that the 
13 The literature does indicate that agricultural R & D leading to productivity gains and 
economic growth is one of the most cost-effective ways to reduce poverty (Ryan, 2004). 
Hence emphases on economic rates of return and benefit/cost indicators in ex post 
impact assessments are in fact a necessary component of poverty alleviation focus. The 
larger these economic impact indicators are the larger the contribution to economic 
growth and hence poverty alleviation.
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“structure, conduct and performance” paradigm, popular with market 
economists in decades past will be at the forefront of the value chain 
analyses in CRPs. It is doubtful if the CG could or should be leading 
this drive.
• The aspect of sustaining and institutionalising strongly linked ex ante 
and ex post impact assessments with priority assessments remains a 
problem. The experiences of research agencies at all levels bear this 
out. For example it has not happened either at BAR in the Philippines, 
ACIAR, ICRISAT or the CGIAR despite the best efforts of Ma. Cynthia, 
Jeff Davis and yours truly.14 The papers in the volume edited by 
Raitzer and Norton (2009) explore these issues in more detail.
• There is scope to incorporate farming/production systems and 
sustainable resource management research opportunities into priority 
assessment frameworks that until now have mostly been used to 
assess commodity priorities. Variants of the Davis and Ryan (1991) 
or the Kelley, Ryan and Patel (1995) frameworks could be employed 
with advantage here by the CGIAR as it reconsiders the Strategy and 
Results Framework.
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Importance of Spillover Impacts in 
International Agricultural Research
Jeff Davis
IntroductionFor more than 25 years I have had the pleasure of being able to say that 
I have been a professional colleague of Ma. Cynthia Bantilan- Cynthia. 
Much of this time we have collaborated in and supported each other 
in quantifying the welfare impacts of agricultural research and using 
this analysis to support decision-making regarding agricultural research 
funding.
In this short note I will not focus on this major contribution to this 
areaas this has already been undertaken more appropriately by Jim 
Ryan in another note in this volume. Instead I will look at a narrower 
component of this overall activity – the spillover impacts of international 
agricultural research. In particular, the contribution Cynthia has made to 
a better understanding of spillovers and their importance to international 
agricultural research.
Discovering the Importance of Spillovers 
For a long time agricultural research has been recognised as having 
public good characteristics, especially when an international perspective 
is considered. As aresult, international aid organisations have for many 
decades funded agricultural research as a means of improving welfare in 
the developing world. Cynthia has spent most of her career in supporting 
this international endeavour.
Despite the importance of the notion of research spillovers in  achieving 
these impacts and the widespread use of the terminology in most 
discussions of international (and even national) agricultural research, 
surprisingly very few have a full understanding of what spillovers really 
mean and especially how they can be quantified.
Throughout Cynthia’s impressive career which has focused on using 
quantification of the impacts of research to support strategic decision-
making, she has strived to better understand the nature of spillovers,made 
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concerted efforts to quantify and use these estimates to support her view 
points.
Very early in this period she recognised the importance of developing 
a rigorous conceptual understanding of what really underlies research 
spillovers and providing the foundations for effectively quantifying and 
using them. As is always the case with the practical use of complex 
methods and concepts, at various stages of this empirical application, 
Cynthia has had to make practical pragmatic compromises. The crucial 
and important aspect of Cynthia’s approach has been to base this 
practicality on a very strong conceptual foundation.
A brief overview of this conceptual understanding can be illustrated by 
looking at a range of papers which were produced by Cynthia during 
the very productive days of the ACIAR funded Research Priorities for 
Philippine Agriculture Project (RPAP). These papers were presented on 
a regular basis at professional conferences and used as underlying basis 
for the project activities.This underlying framework is required to ensure 
that: the research policy context was incorporated, Bantilan (1991); 
the linkages between production functions and cost structures were 
clearly understood, Davis and Bantilan (1991), the research process and 
associated risks are fully understood, Bantilan and Davis (1991); and the 
complexities of spillovers and opportunity costs in a multi-commodity 
production environment are included, Bantilan and Davis (1991). All 
these aspects of research impacts are very important to fully understand 
spillovers. Cynthia made important contributions to ensure that the 
mathematical relationships underlying the logic of each component were 
flawless.
In addition to this important conceptual contribution, she has also 
developed the very important skill of working closely with technical 
scientists to subjectively elicit empirical estimates of all components 
of spillover impacts. Evidence of this skill is not easily documented; 
however, Cynthia’s capacity to do this started in the Philippine context 
and continued through all aspects of ICRISAT applications. The nature of 
Cynthia’s skills in this area is best demonstrated by the very strong respect 
she commands from her technical science colleagues. This started with 
some of the most respected rice breeders in the Philippines and continues 
with many of the senior breeders and other scientists at ICRISAT. I believe 
this is a special skill which few economists develop effectively, yet is 
crucial while obtaining the expert judgments of scientists,and is required 
to estimate the important underlying components of spillover impacts. It 
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is also important for establishing credibility of the quantification activities 
and especially ensuring ownership of the whole decision support process.
Cynthia was responsible not only for the subjective elicitation of 
spillovers but also for some of the early efforts of validating the 
judgemental estimates with analysis of trial data. See for example 
Bantilan and Sarinas (1991).This activity has continued and has been 
extended to other aspects of the impacts of agricultural research (for 
example, estimation of the adoption of research outcomes).
Cynthia’s initial rigorous conceptual enhancement to the understanding 
of research impacts and implications for spillovers stood her in very good 
stead.It ensured that the more pragmatic demands of the scoring model 
type priority setting activities undertaken by ICRISAT in the 1990’s and 
early 2000’s were soundly based. CGIAR criteria such as ‘internationality’ 
were general subjective notions of research spillovers. Ensuring that 
subjective assessment of this factor was consistent, and to ensure that 
double and triple counting did not occur, required a good conceptual 
appreciation of the complexities underlying research impacts. Cynthia’s 
past conceptual contributions successfully provided this.
More recently the concept of international public goods and the need for 
the CG system to concentrate on these focused attention again on more 
detailed appreciation of research spillovers and a more rigorous approach 
to understanding the underlying concepts and complex components.
Cynthia’s original rigorous conceptual contributions placed her in 
an excellent position to come to grips with these demands and focus 
attention in the right direction. This is succinctly illustrated in the review 
document produced to guide those addressing this new demand; see Deb 
and Bantilan (2001).
More recently this drive has led Cynthia to establish a team which 
is: developing new approaches to quantifying research spillovers 
internationally; more rigorously understanding this area; and using it to 
support international research decision-making. The ultimate outcome 
will be improved welfare for the developing world and world in general. 
This effort is highlighted in Bantilan et al (2013). This was used as the 
basis for a recent Workshop which assembled sixteen of the world’s 
leading economists in research impact assessment. The Workshop 
reviewed the suggested developments and the expert panel concluded 
that the directions Cynthia and her team are developing and applying are 
state of the art.
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Clearly this has been and is a very important contribution from a 
dedicated professional.
Some Future Directions for Modelling and Understanding the 
Importance of Research Spillovers
As is usually the case even with these comprehensive contributions the 
work is never finished. There is a continuing demand for enhancements, 
which is always fuelled by an expanding frontier of technological 
feasibility. While Cynthia has already identified many of the important 
areas for possible enhancement I will reflect on a few which I feel deserve 
special focus:
• Continue to develop the conceptual understanding of spillovers to 
enhance their empirical estimation. Dissect rigorously the linkages 
between research applicability among different environments, the 
underlying production and costs structures and adoption. These 
components are intertwined and in many cases the current reduced 
form of understanding the linkages, misses several important issues 
and implications.
• Improve the linkage between ex post and ex ante assessments of 
research impacts to better understand spillovers and more effectively 
quantify them. This especially means matching the subjectively 
elicited assessments of research applicability for different production 
environments with the observed impacts for specific technologies 
which have had an impact. In particular to clearly separate whether 
any observed differences are due to the need for more rigour in 
the elicitation process or the need to more clearly understand the 
underlying differences between applicability and farmer adoption. 
There is a need to better understand and measure the cost (unit cost 
reduction) impacts of research as well as relate, how these link with 
spillovers. To determine which is the best way to effectively estimate 
these for actual technologies and whether this provides an effective 
guide on how best to achieve this for ex ante activities. For example, 
are expert judgments more effective than detailed surveys and do 
the conceptual and empirical research on frontier production (and 
associated cost functions) have a contribution to make?
To effectively address and contribute to these important aspects of 
achieving and better understanding spillovers it will be crucial to ensure 
that much of Cynthia’s past contributions are synthesised, expanded and 
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published in readily available documents. I can hear Jim Ryan saying 
‘here here’!!
Some Personal Notes
On a personal note I have very much appreciated and enjoyed my 
professional interactions with Cynthia over the last three/four decades.
Cynthia’s work ethic has been second to none of my professional 
colleagues. I cannot help but reflect on the early days when the RPAP 
project was in full swing receiving an update on a weekly project 
meeting and noting that it was held around Cynthia’s bed in the maternity 
hospital the day after her and Jun’s third son was born! I still try to picture 
the team of 16 all around the bed discussing the work achievements 
and plans. Even in her 60th year, I am amazed that emails arrive with 
sent times of all hours of the night. She continues to take on a workload 
which most would not be capable of nor tolerate.
I am indebted to Cynthia for a much appreciated ‘cultural’ education. 
As is the case with most Australians I suffer a personality trait of extreme 
bluntness! I was very fortunate in my early days with ACIAR, to work 
with Cynthia who was very tolerant of my early ‘behaviour’. She later 
confessed that having studied with two Australian graduate students 
for three years in the US had a significant spillover benefit for me. 
They made her realise that long term gains can be achieved from early 
tolerance of the Australian personality. I am sure that this initial spillover 
to me has also spilled further via my improved ability to work more 
effectively with many colleagues in many countries and probably even 
improved my ability to work with other Australians! I will leave it to 
Cynthia (and others) to assess whether I really did learn much but at the 
least I feel, I did! Thank you very much.
Finally, I am very grateful for the friendship that has developed between 
our two families. It has been very interesting following each other’s 
children’s development. It was not at all a surprise for me to see the 
very impressive academic success of your three boys. I suppose if a 
baby shares his first meal table with 16 economists’ discussing research 
priorities it is not a surprise that some academic stimulation would result! 
It is very pleasing that Pat has recently been able to share  this friendship 
and we hope that as retirement draws closer we can share more social 
activities with you, Jun and the rest of your family.
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Chickpea (Cicer arietinum L.) is the largest pulse crop grown in India and the third largest food legume in the world. It occupies 
around 15% of the total pulse area globally and is cultivated in almost 
52 countries (FAOSTAT, 2012). South and South East Asia (SSEA) alone 
contribute about 88% and 86% shares in global area and production 
respectively. Chickpea is highly nutritious with 20-22% protein, rich 
in fiber, minerals and beta carotene. Chickpea haulms are used as 
animal fodder and they are more nutritious in comparison to the cereal 
fodders. Chickpea cultivation helps in fixing atmospheric nitrogen and 
contributes to the buildup of organic matter in the soil. There are two 
types of chickpea-desi (with dark colored seed coat and smaller in size) 
and Kabuli (with white or cream colored seed coat and larger in size). In 
India, desi varieties account for 80% of production and Kabuli varieties 
contribute the remainder.
India ranks first in chickpea production and consumption in the world 
(both accounting to almost 70%). Currently, chickpea covers 35% of the 
total pulse area and contributes to nearly 47% of total pulse production in 
India (GOI, 2012).The linear trend line computed for productivity for the 
period, 1950-51 to 2010-11, indicates that the productivity has increased 
by about 5 kg per year. Northern India, with its long winters, has suitable 
climate for chickpea cultivation but expansion of irrigation and high-input 
agriculture led to chickpea being largely replaced by wheat and other cash 
crops during the last four decades. During the 1964-65 cropping season, 
chickpea was planted on 5.14 mha in Northern India; it is now planted 
on only 0.73 mha (2010-11). During the same period down in Southern 
India, the cropped area has gone up significantly from 2.05 m ha. to 5.56 
m ha. This tremendous shift in cropped area happened due to introduction 
of high yielding; short duration chickpea varieties that are resistant to 
Fusarium wilt disease.
New chickpea varieties adapted to warmer, short-season environments 
are bringing increasing prosperity to Southern India and offer hope 
for farmers elsewhere in the Semi-Arid Tropics (SAT).The  six major 
Chickpea Revolution in Andhra Pradesh, 
India
D Kumara Charyulu
28
states of Madhya Pradesh, Rajasthan, Maharashtra, Uttar Pradesh, 
Karnataka and Andhra Pradesh together contribute more than 90% of 
area and production of chickpea in India. However, the growth rate in 
area,production and productivity during the last four decades (1970-
2010) is distinctly higher in Andhra Pradesh when compared to other 
states. The productivity in Andhra Pradesh has increased enormously 
from 853 kg per ha in 1996-97 to 1308 kg per ha by 2009-10 due to the 
widespread adoption of improved high yielding cultivars.
Chickpea was not even a minor crop in Andhra Pradesh until 1985. 
While short winters, terminal moisture stress, wilt disease and pod borer 
were the major constraints for growing chickpea in this southern state 
of India, there were at least three recognized advantages in chickpea 
crop cultivation - easy to grow, free from foliar fungal diseases, and less 
vegetative growth. The main reasons for farmers’ preference for chickpea 
are that the new cultivars are short duration, less labor intensive and 
low investment requirement per acre. It is a less risky crop with assured 
yields, market and good remunerative prices, and is highly suitable for 
mechanical operations. Finally chickpea is highly amenable for scale up 
cultivation. Crops such as sorghum, tobacco, cotton, redgram, sunflower, 
groundnut and coriander were dominant in the early 1990s and were 
substituted by chickpea through time. Until late 1990s, the area under 
chickpea cultivation in Andhra Pradesh was only 1.52 lakh ha. It was 
dominated by a single largest cultivar i.e., Annegeri released in 1978 
and developed by Karnataka state. The average yields of Annegeri were 
ranging from 600 to 700 kg per ha. 
The research collaboration between Acharya NG Ranga Agricultural 
University (ANGRAU), Rajendranagar, Hyderabad and ICRISAT on crop 
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improvement and management addressed both the above constraints 
and developed new cultivars which could make chickpea a suitable 
crop for the region. The close and sustained collaborative efforts led to 
the development and release of short duration chickpea varieties ICCV-
2 (Swetha – Kabuli type) and ICCC-37 (Kranthi - desi type) during the 
early and late 1990s respectively. Since then, Andhra Pradesh witnessed 
a notable uptake of improved chickpea cultivars and corresponding 
increase in cropped area. To follow this up, on-farm trials conducted in 
early 2000 strongly recommended the adoption of short-duration and 
high yielding varieties of JG-11 (desi type) and KAK-2 (Kabuli type). In 
addition, bulk introduction and multiplication of seed by Andhra Pradesh 
State Seed Development Corporation (APSSDC) was complemented by 
the Department of Agriculture subsidy which enabled distribution of 
huge quantities of improved seeds to farmers. Phenomenal increase in 
the chickpea area in the state was witnessed after getting access to JG-11 
variety and other kabuli types. When compared to Annegeri, higher yield, 
bigger grain size and Fusarium wilt resistance were important traits that 
farmers preferred in JG-11. 
The new improved cultivars have almost replaced the earlier varieties 
and JG-11 is the single dominant cultivar which occupied nearly 85% of 
the chickpea cropped area in the state during 2011-12. The state average 
productivity levels have gone up from 1300-1400 kg per ha. On the 
whole, it resulted in silent chickpea revolution in the state with the ten-
fold increase in area (from 0.65 lakh ha to 6.3 lakh ha), two-fold increase 
in productivity(from 622 kg per ha to 1389 kg per ha) and a twenty-fold 
increase in productionin the state during the last two decades (1990-
2010). 
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Global Energy ScenarioEnergy is the elixir of economic growth. Economic growth along 
with increasing population and per capita income are the major drivers 
of energy demand. Over the past decade the global economy and 
population have grown at the rate of 2.7% and 1.1% respectively. The 
highest demand for energy across the globe comes from industry which 
consumes about 51%, followed by the transportation sector with 20% 
consumption. Globally, primary energy use remains dominated by fossil 
fuels (coal, oil and natural gas), which account for 75% of the total 
primary energy supply. Renewable energy sources, comprising mainly of 
biomass and hydropower contribute less than 19% of the world primary 
energy use of which biomass contributes around14%. 
Energy from non-renewable sources being in short supply and the 
demand for energy is on an increasing  path especially from the 
transportation sector, it is projected that supply can no longer be 
increased to meet projected demand. Hence, in lieu of the growing 
concerns of energy security and securing long-term supply of energy 
sources that are renewable and non-polluting has been the major thrust of 
many governments all over the globe.
Among several alternative renewable energy sources (wind, solar, 
hydro) energy derived from plant biomass is found to be promising and 
a sustainable energy source that contributes to reduction in greenhouse 
gas emissions and is also found to provide wide range of social and 
economic benefits.These liquid fuels are derived from plant biomass 
and organic wastes. The potential plant biomass for the production 
of biofuels includes sugarcane, maize, sorghum, wheat, sugar beet 
and cassava. The choice of feedstock for the production of bioethanol 
as biofuel varies across countries. If sugarcane as a feedstock has a 
comparative advantage in Brazil, it will be corn in America and wheat 
in Canada. Hence, the choice of the feedstock depends completely on 
Biofuels: Alternative Source 
of Renewable Energy
G Basavaraj
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the economic considerations of comparative advantage and efficiency in 
production of these feedstocks for processing into bioethanol. Apart from 
economic considerations, environmental benefits also play a significant 
role in feedstock selection and processing. Sweet sorghum is one such 
alternative biofuel feedstock that has the potential to produce bioethanol 
commercially.
Sweet sorghum as a source of energy
Sweet sorghum is a C4 plant with high photosynthetic efficiency. It 
produces a high biomass (up to 40–50 t ha–1) in a short duration (4 
months) under rainfed conditions. One advantage of sweet sorghum 
when compared to other crops is that using sweet sorghum for fuel does 
not reduce its contribution as a food source. The grain can be harvested 
for food, and the bagasse—the fiber that remains after the juice used for 
biofuel has been extracted—may be used for fodder in countries where 
it is an important source of livestock feed. Hence, sweet sorghum is 
a “smart” crop, which meets the triple requirements of food, fuel and 
fodder. 
Globally, it is grown in about 45 million hectares, with Africa and India 
accounting for about 80% of the global acreage. Like grain sorghum, 
sweet sorghum, a warm-season crop, can be cultivated by smallholder 
farmers in rainfed areas. The crop can be grown successfully on clay, 
clay loam or sandy loam soils and can tolerate salinity and alkalinity to 
a large extent. Cultivation practices of sweet sorghum are similar to that 
of grain sorghum. The only dissimilarity between grain sorghum and 
sweet sorghum is seen in the accumulation of sugars in the stalks of sweet 
sorghum. They can be crushed to extract juice, which is finally processed 
into ethanol for blending with gasoline. The sweet sorghum based ethanol 
is sulphur free and cleaner than ethanol produced from other feedstocks.
Bioethanol production from sweet sorghum in semi–arid 
tropics of India
ICRISAT’s biopower strategy has launched a global biopower initiative 
which is a pro-poor strategy. This focuses on feedstock sources and 
approaches that do not compete with food production but produces 
food as well as fuel and even enhances food production. To promote this 
strategy a value-chain approach of “Seed to Tank” has been adopted. 
This involves sweet sorghum production, processing, value addition and 
marketing. The value chain approach will provide greater employment 
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and income-generating opportunities for farmers and other stakeholders 
in the value chain, while supplying an environmentally friendly energy 
source. Sweet sorghum was initially processed into ethanol in a distillery 
established by a private sector partner M/s Rusni Distilleries Pvt. Ltd, 
located in Medak district of Andhra Pradesh. The distiller was incubated 
in ICRISAT’s Agri-business and Innovation Platform and has the capacity 
to produce 40 kiloliters of ethanol per day. The relative economics of 
sweet sorghum cultivation and processing it to bioethanol augurs well in 
the agro-ecological regions of Maharashtra and Andhra Pradesh. About 
57% of the cultivable area in SAT India is under rainfed conditions. Crop 
choices are limited for resource poor farmers under harsh environments 
of semi-arid regions. Dryland crops like sorghum and millet thrive 
under such harsh conditions. Hence, cultivation of sweet sorghum in 
marginal and rainfed areas of SAT regions provides opportunity for small 
holder farmers to enhance their incomes through cultivation of biofuel 
crops. Promotion of sweet sorghum through favorable polices related 
to production, processing and marketing and more importantly pricing 
will pave the way for bioenergy revolution in India through agriculture 
intensification in dryland areas.
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Water is the elixir of dry land agriculture serving as a productive and protective resource. Groundwater as a source of irrigation is 
gaining prominence in water starved semi-arid regions of India. Since 
agriculture is heavily dependent on ground water irrigation in the dry 
tropics of peninsular India, informal water markets are playing a key role 
by expanding access to ground water for small and marginal farmers and 
other peasants who cannot afford to invest on wells. Water markets have 
thus become a key source of irrigation for many farmers for sustaining 
their incomes.
Importance of Groundwater markets 
The literatures on impact of groundwater markets confirm that these  
markets are the ‘vehicles of poverty alleviation’. There are those who 
accuse groundwater markets of ‘creating water lords’ and appropriating 
the surplus from the poor (Mukherji 2004). In some areas there are 
niche markets for ground water supporting small scale irrigation. These 
markets are imperfect since they are inter connected with labor and 
credit markets. In places where there are fragmented holdings and 
parcels of land (that are far from each other), often coupled with the 
surplus water in the wells, well-owners are motivated to sell theirsurplus 
to the neighbours (Kolavalli and Chicone 1989). Ground water markets 
are informal institutions providing access to ground water irrigation 
supporting resource-poor farmers who are constrained to invest on 
expensiveand risky bore well irrigation (Nagaraj et al 2005).
Focus of the study
Groundwater irrigation triggers the agricultural growth in the semi-arid 
water starved regions. Since the well irrigation is risky and requires 
sizeable lumpy investments, small and marginal farmers are constrained 
to invest in it. Thus, this study examines how access to irrigation through 
water markets enhances the livelihood security and reduces poverty for 
Pockets of prosperity in the midst of poverty 
- Groundwater market induced development 
impacts on the small holder’s farm economy 
in Peninsular India
N Nagaraj
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the small and marginal farmers in the rainfed areas. This study is confined 
to the semi-arid dry zone of Karnataka in peninsular India where one of 
the VDSA villages (Tharati) is situated, 18 km from Tumkur district and 6 
km from the taluk head quarters (Koratagere).
Data base
Using PRA and case study approach, the data was collected from the 
water sellers and water buyers. There are 48 bore-wells, 20 filter bore-
wells and 43 open wells with 15 water sellers and 20 water buyers in 
Tharati village. The bore-wells discharge water ranging from 1500 to 
2000 gallons per hr.
Backdrop of the village
The striking feature of the village is that it is land locked and surrounded 
by hillocks which restricts  horizontal expansion.The land holdings are 
small ranging from 0.5 to 5 acres.  Thus, the village is predominantly 
small and marginal farmers with agriculture and allied activities as the 
main source of livelihood. Landless labor households accounts for 27 % 
of the total 401 households. The gross cropped area in the village is about 
171 ha, of which over 38 % of the area is irrigated through groundwater. 
The cropping pattern indicates a combination of finger millet, pigeon pea 
and commercial crops like flowers, areca and betel vine. Groundwater 
is the main source of irrigation in the village. Due to prolonged drought, 
the discharge of groundwater in the bore-wells has gone down drastically. 
The shallow bore-wells have completely dried up, leading to loss of 
investments.  Hence, deepening of bore-wells is continuing. Due to bore-
well failures and increasing scarcity of water, some of the farmers drilled 
deeper bore-wells (700-900ft) in the area.
Well investments 
On an average, the farmers invested around Rs.2.29 Lakhs in drilling a 
bore-well of which the cost of exploration (drilling and casing) amounted 
to 44% of the total cost. The cost of extraction mechanism with all 
accessories (casing, pumpset, electrical fittings and storage pond) formed 
a major share (40%) of the capital cost. The conveyance cost (HDPE 
pipeline) is around 12% of the total cost. Well drilling entails huge 
investment besides associated risk of failure. On an average, the well 
investments per acre of gross cultivated area is around Rs 50,000/. Thus, 
high capital investment per unit area is evident.This prevents resource-
poor, small, and marginal farmers from investing in bore-wells.
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Annual cost of groundwater irrigation
Karnataka state provides free electricity for irrigation pump sets below 
10 HP to pump ground water from farmers owned wells. Thus, the 
marginal extraction cost is virtually zero. However, the annual cost of 
groundwater for a groundwater seller represents the amortised cost of all 
well investments. Upon amortising the investments made on bore-wells 
considering a lifespan of 8 years for a bore-wellat 8% interest per annum 
(opportunity cost of capital), the annual share of groundwater irrigation 
works out to be Rs.39968. Considering gross irrigated area of 4.5 acres, 
the average cost of irrigation per acre of gross irrigated area works out to 
be Rs. 8881.
Water Markets
Incidence of water markets is not pervasive but localized. Well owners 
sell more water during rabi and summer than in kharif, as rainfall 
supplements groundwater irrigation in kharif. On an average, the seller 
has 3.5 acres of cultivated area, of which 55 % of the area is irrigated. On 
the contrary, the buyer had 2 acres of cultivable land, of which 25% of 
the area is irrigated through groundwater bought from the seller. In other 
words, for every one acre irrigated by the seller, the buyer irrigates ¼ th 
of an acre in all the 3 seasons. There are more water buyers than sellers. 
It was observed that for every one seller there are 2-3 buyers in some 
cases. The gross irrigated area is 4.5 acres for the sellers as against 1.3 
acres for the buyers.
Factors influencing selling and buying of water
Existence of surplus water in bore-wells and extremely small holdings 
influence water sales. In addition to physical proximity of land, social 
relations between buyer and seller and the homogenous nature of the 
community (gardeners)influenced the sale and purchase of groundwater 
in the village. The water markets emerged in the village since 2002.
Water sales and rents
The major commercial crops exclusively grown by sellers and buyers 
of water are flower crops viz., chrysanthemum in all the 3 seasons. 
However, vegetables like carrot and brinjal were also grown on a 
small scale. Tharati is one of the model villages for flower cultivation 
and generates lucrative income. Since irrigation is a prerequisite for 
growing flowers, most of the marginal farmers buy water from their 
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neighboring well owners to cultivate the flower crop. On an average, the 
buyers cultivated 0.4 acres of chrysanthemum in each season. Farmers 
cultivated flowers intensively using the latest technologies, as the size of 
operational holding is small. On an average, 20 irrigations in Kharif, 30 
in rabi and 34 in summer were given. The prevailing water rent is based 
on crop share contract. Water charge is around 1/3rd of the market value 
of the output. The gross income generated from 0.4 acres in 3 seasons 
(Rs. 59920+62500+60,000) was around Rs. 182,000/. Considering 1/3rd 
of the output value, the water rent paid to the seller was to the tune of Rs. 
60,666/. Thus from the  buyers’ point of argument, on an average the cost 
incurred to irrigate per acre of flower crop is to the tune of Rs. 50,500/. In 
the event of crop failure, the water rent is deferred to the next crop.
Value addition to flowers
It is interesting to note that both sellers and buyers of groundwater are 
involved not only in flower production but also in stringing the flowers 
by employing family labor and hired women labor from the landless 
households. If flowers are sold on bulk without sorting, cleaning and 
stringing, it fetched around Rs. 60-70 per Kg, while sorting and stringing 
of flowers and selling at retail market fetched double the price. The 
additional cost involved in stringing the flowers is Rs.10/per kg and 
the resulting value addition is to the tune of Rs. 50 to 60. Thus flower 
production has created not only value addition but also generated 
additional employment for women on the farm preventing migration of 
labor. The agricultural growth exhibited in this village is impressive and 
inclusive through water markets facilitating commercial floriculture in the 
village.
Development pathways
The extra income generated by the water buyers through floriculture is 
to the tune of Rs. 149000/ per annum. These farmers are involved in 
‘water buying’ and practicing commercial agriculture on a small scale 
earning lucrative income since 5-6 years. Some farmers repaid their old 
debts ( up to Rs. 3 lakhs) out of their savings, while some invested a part 
of income on constructing new houses, onland development and setting 
up of petty business. Others invested on livestock and durable goods like, 
televisions, motorbikes etc. Thus the livelihood security of the poor has 
been strengthened due to access to water markets.
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Adoption of micro-irrigation for 
addressing water and labor scarcity in 
the Semi-Arid Tropics of India
Madhusudan Bhattarai
IntroductionIrrigation plays an important role in determining cropping pattern, 
cropping intensity, and land productivity. Besides market prices, farmers’ 
choice of a crop is determined by their access to irrigation and level of 
control on irrigation water that can be perceived at the time of sowing 
the crop. In the Semi-Arid Tropics (SAT) of India, it is not the availability 
of land per se but the availability of water, and degree of control on 
access to water for the farmers, that determined their crop choices, 
cropping intensity, and crop productivity. Thus, better understanding 
on smallholding farmers’ choices on adoption of different irrigation 
technologies, and their alternate options are critical for improving rural 
livelihoods in SAT India, and in dryland farming world wide. 
Along with increasing water scarcity, the importance of water saving 
technology such as micro-irrigation is increasing across the countries, 
particularly in dry regions with falling water table and limited options 
to tap additional water resources. Farmers in the SAT India have been 
adopting innovations in irrigation (such as micro-irrigation) to meet their 
growing need for water for farming, and also tackling the water scarcity 
which is threatening their livelihood. They are using various forms and 
alternations of micro-irrigation systems (e.g., low-cost drip, high cost and 
high pressure drip, low cost sprinkler, high cost sprinkler), which help in 
increasing water use efficiency during the dry season. These will in turn 
increase crop productivity and farm income by helping the farmers to use 
the scarce water judiciously (Polak and Yoder 2006).
In this context, this paper assesses SAT farmers constraints and benefits 
of adoption of micro-irrigation technologies, and policy issues associated 
with farmers’ use of the micro-irrigation technologies for increasing farm 
productivity and achieving the social goal of rural poverty alleviation.
Wherever good access to water and market is available, farmers grow 
high value crops including vegetables and other cash crops (Midmore 
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and Jensen 2003; Mariyono and Bhattarai 2009). So also, whenever 
smallholder farmers adopt such micro-irrigation systems they usually shift 
from cereals to fruit and vegetables or other high value crops (Polak and 
Yoder 2006; Palanasami 2012). They also tend to be more connected 
with the local markets. Therefore, adoption of micro-irrigation technology 
leads small holder farmers not only to grow high value crops and 
increase farm income, but also to link well with market network, which 
will ultimately lift them out of poverty in a short-span of time. Adoption 
of such micro-irrigation technology not only facilitates increased 
diversification of crops and income sources, but also makes the farming 
enterprises more resilient in the face of market and climate volatility (IDE 
2009). In many parts of SAT India and other parts, adoption of micro-
irrigation (drip and sprinkler) has led to a considerable expansion of 
market oriented production of cash crops (and intensive production of 
vegetable and other market oriented crops), and improvement in rural 
livelihoods (Namara et al. 2007; Bhattarai 2008; Palanisami, 2012).
Micro-irrigation technology plays a critical role in sustaining agricultural 
production and productivity level in India. Out of a total of 140 m ha of 
potential irrigated area in India, the potential of minor irrigated area is 
about 81.5 m ha, which is 58% of the total potential irrigated crop area 
in the country. Globally, in 1991, India ranked 6th position in terms of 
acreage of irrigated area under micro-irrigation (Palanisami, 2012). In 
general, micro-irrigation technologies are adopted more within the minor 
irrigation systems than in the canal (or major) irrigation systems.
Application of micro-irrigation systems allows for efficient utilization of 
the scare water resources grouped under the minor irrigation systems. So 
far, the utilization of minor irrigation scenario at all India level, till the 
10th five year plan (2002-07), was only 72% of the ultimate potential 
created, and about 60% of the potential utilized (Palanisami, 2012).
In 2007, about 3.88 m ha of cropland in India was under micro-irrigation 
systems, which is about 10% of the total irrigated areas in the country. 
Growth of micro-irrigation systems is higher than that of other modes 
of irrigation.However, the pace of development of micro-irrigation 
varies across the Indian states. The crop acreage under micro-irrigation 
systems (drip and sprinkler) out of the total irrigated land is more in 
Andhra Pradesh (50.5%), followed by Chatisgarh (30%), Maharashtra 
(25.7%), and Karnataka (22%) (Palanasami, 2012).Both water and labor 
scarcity problem is  high in all of these four states. Thus, micro-irrigation 
technologies play an important role in SAT farming and rural livelihood in 
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India; its importance is growing through time due to increasing scarcity of 
water and tightening of rural labor markets.
Micro level issues on benefits and constraints on adoption of micro-
irrigation 
Farmers adopt the micro-irrigation technology to save scarce water 
resources and to save the labor use on irrigation and other intercultural 
operation. Initially, the technology was promoted to save water use. 
However, the saving on labor has become more important in farmers’ 
decision to adopt the technology than the saving on water application. 
Due to rising labor cost and tight rural labor market across India, farmers 
are switching from traditional flooding system of irrigation to micro-
irrigation systems for irrigation. 
In many places of India, increasing government support and subsidy for 
the drip (and sprinkler systems) are some of the motivating factors for 
farmers, (mostly for large farmers) to install the system on more than an 
acreage of land. Government subsidy is administrated through complex 
process, with a high transaction costs. Due to these factors, small and 
marginal farmers are usually out of the reach of the public subsidy.The 
subsidy on the technology is captured more by large farmers or well-to-
do farmers of a place, who can effectively internalize high transaction 
costs involved in securing the subsidy for micro-irrigation technologies 
(Palanasami 2012, also verified with farmers focus group discussions at 
selected villages of Karnataka and in Maharashtra in early 2013).
Benefits of drip irrigation system:
In our consultation with farmers in the selected villages of Sholapur 
district of Maharashtra (SAT region) and in Bijapur district of Karnataka, in 
early 2013, farmers revealed the following benefits reaped when the drip 
irrigation (micro-irrigation) technology was used.
•	 Saving on labor cost: Labor cost was reduced by 75% when drip irrigation 
on grape gardens (also on vegetables) was used when compared to flooded 
irrigation.
•	 Saving on water applied:  The farmers reported a saving of 60-70 % of 
the applied water under drip when compared to flooded irrigation. 
Given the availability of water, the farmers group reported that they 
would have to reduce the grape acreage by 1/3rd, if they had not 
adopted the drip. 
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•	 Convenient in farming and less drudgery:  Under the drip system, 
usually the owner farmers themselves apply fertilizers in the drip 
system and minimize fertilizer quantity (cost), which leads to less 
nutrient loss due to localized application, reduced leaching, and also 
reduced labor time in operation.
• Less need of weeding reduce diseases and pest incidence as well as 
weeding cost. 
• Crops can be grown even in an uneven land, due to high pressure 
drip water which can reach the plant root in an uneven land as well.  
• Under drip irrigation, and with plastic mulch, weed growth is 
substantially minimized, thus giving additional benefits with increased 
crop yield and reduced weeding cost.  
• Under drip irrigation, water distribution is uniform across the plot thus 
leading to uniform production across the plants within a plot, and 
good quality produce. 
• Under the drip, foliage remains and only root gets wet, thus reducing 
the risk of disease and pest attack on foliage, and ultimately improving 
crop yield as well as quality of the produce.
All these factors led to an increase in farmers return and profitability 
under the drip systems when compared to flooded irrigation. However, 
in detailed group discussions, the same group of farmers also pointed out 
some of the disadvantages of drip irrigation systems.
Some of the disadvantages of drip irrigation systems:
•	 High installation cost of the drip and the overhead system. The total 
installation cost in many places goes as high as Rs. 50,000 per 
acreage. In Karnataka state, the government subsidy is about 75% 
of the initial installation cost.The National Mission of Horticultural 
Crops is providing 50% for installing the systems to grow horticultural 
crop, which is topped by another 25% of subsidy from the state 
government; which is however limited to Rs. one lakh per farm. 
The level of government subsidy and the level of adoption of micro-
irrigation vary across different states of India. In Andhra Pradesh, the 
government subsidy on installing micro-irrigation system is as high 
as 90% of the installation cost (Palanisami et al., 2012). Likewise, the 
prerequisite for availing the subsidy varies greatly across the Indian 
states. Everywhere, the government subsidy is associated with high 
transaction cost, and in many cases, the subsidy amount reaches the 
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farmers only after 6 to 12 months after submitting the applications. At 
a large number of places, however, the government subsidy on micro 
irrigation has often been captured by the large and well-to-do farmers 
rather than small and marginal farmers.
•	 Higher maintenance cost and clogging of the system: The operation 
of drip requires slightly advanced technical know–how If the water is 
not properly filtered and the equipment is not properly maintained, 
the system gets easily clogged leading to an increased cost of  
maintenance, de-clogging of the system, etc.
•	 Lack	of	institutional	finance	for	purchasing	the	micro-irrigation	sets.	
Local banks or credit agencies rarely provide credit for purchasing the 
micro-irrigation	systems.
• The drip pipes may last for more than  5-6 years, but keeping them 
in a safe place is a problem for most of the farmers; they are often 
damaged by rats.
• Drip irrigation is more suitable for certain wider-spacing crops than 
narrow spacing crops (onion etc).
• The operation of pressure system of drip is more profitable if 
electricity is regular and assured so that the pump operation cost is 
reduced.
• Inadequate technical understanding on low-cost micro-irrigation 
uses among agricultural extension personals and other governmental 
agencies involved in rural development.
Conclusions
Micro-irrigation system was primarily promoted to save scarce water 
resources (applied water) more so in the areas of dry land farming. The 
same given level of water, allows farmers to grow crops on more acreage 
than in the case of flooded irrigation. However, in the recent past, it’s 
potential to save labor use in irrigation; reduced drudgery and reduced 
cost of cultivation to farmers have become important factors and act as 
incentives for farmers to adopt this technology. Since, the rural labor 
market is increasingly tightening in all parts of India, farmers every where 
in India are pressed to search for alternate options to save the number of 
labor use days and lower the cost of operation.  Therefore, farmers are 
getting attracted towards micro-irrigation (drip and sprinkler), more so in 
the intensive production areas with tight rural labor market.
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However, the pace of development of the micro-irrigation system in India 
is not as high as in other countries like Israel, Egypt, Thailand and many 
other countries of East Asia. The reasons being policy constraints and a 
complex set of subsidy rent attached with the micro-irrigation systems, 
which deter further innovation on cost saving in technology use. The cost 
per unit of irrigation under micro irrigation systems (set) is relatively high 
in India than many other countries.
The subsidy on micro-irrigation systems are more or less obtained by 
better-off and well-to- do farmers, whereas small-holdings and poor 
farmers – who need such government support (more than others) are left 
out in utilizing the micro-irrigation technology.  The huge subsidy on 
the scheme has adversely affected further innovation and refinement of 
the technology, and its cost structure, since, the cost of micro-irrigation 
technology per unit of acreage has not reduced over the years. There 
is a need to have a more pragmatic public policy and targeted subsidy 
on the micro-irrigation to the intended beneficiary (small and marginal 
farmers). The government subsidy should not hinder market innovation 
in refinement of the technology and search for a lower-scale (size) 
of operation unit, and lower cost of the technology, all of which will 
ultimately benefit the wider farming communities. Our discussion and 
consultation with groups of farmers at several villages in Maharashtra and 
Karnataka suggest that small and marginal farmers, who are (and who 
should be) the actual target of the government subsidy and public support 
systems, on promoting adoption of modern and innovative technology for 
the wider public benefit, are still out of reach of the application of micro-
irrigation systems.
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Diversification of the Food Consumption BasketIn the last 2-3 decades there have been dramatic changes in the 
structure of domestic food consumption demand and consequently 
its markets. Specifically, between 1983-84 and 2009-10 expenditure 
shares on food items at all-India level shows a shift in the consumer 
food basket towards high value food commodities like fruits, vegetables, 
milk, meat, beverages in both rural and urban areas with a significant 
decline in expenditure shares on cereals. Ravi and Roy (2006) predicted 
demand for high-value food products to grow at an annual rate of 
around 5% by 2020, as against 2.5% for food grains. Rising incomes, 
growing urbanization and change in tastes and preferences are driving 
these changes and will continue into the foreseeable future since urban 
population is growing faster than rural population and incomes are 
expected to rise due to faster economic growth. Income elasticity of 
demand for high value food commodities as also for pulses and oilseeds 
is higher than for cereals ranging from 0.80 to 1.04 (Ravi and Roy 2006; 
Kumar et al 2007). Another change that is particularly pertinent to rainfed 
regions is the decline in food use of coarse cereals while at the same time 
alternative uses are emerging in a big way, for example, poultry feed, 
alcohol manufacturing etc. The growing demand for livestock products 
is driving the derived demand for the grain and fodder of coarse cereals. 
This has implications on the marketing of these crops that were otherwise 
solely grown for home consumption.
Diversification in Agricultural Production
In response to the growing demand for high value food commodities, 
growth in high-value segment of agriculture accelerated. Between 1980 
and 2009 the value of rice and wheat production grew at 2% compared 
to more than 4 % for fruits and vegetables, milk, meat and eggs. Cotton, 
condiments and spices, and floriculture (from low base) are other 
crop groups that are growing fast. Consequently, the share of crops/
Sustaining Diversification of Agriculture 
Towards High Value Crops Through 
Market Reforms and Policy in India
P Parthasarathy Rao and LM Pandey
50
crop groups in agricultural production portfolio has also undergone a 
change. Between 1980 and 2010 the share of fine cereals in total value 
of agricultural production has declined from 25% to 20%, while the 
share of fruits-vegetables, milk and meat has increased. Consequently, 
the value of fine cereals was Rs.2,182 billion, while the value of fruit, 
vegetables, and milk were not far behind, contributing Rs. 1,838 billion 
and Rs.1,892 billion respectively in 2009-10. The faster growth in high 
value commodities provided a cushion to the agricultural growth, which 
otherwise would have decelerated at a faster rate.
The changes are also reflected in the rising share of livestock sector in 
the total value of crop and livestock sector. The share of livestock sector 
increased from 19% in 1980 to 26% in 2010. As indicated, to meet the 
growing demand for livestock products the derived demand for coarse 
cereals, soymeal etc. are increasing. For example, the poultry sector 
is growing at 8-10% and since coarse cereals constitute upto 50% of 
their rations, the demand for coarse cereals like maize, sorghum etc. 
is increasing both from the poultry feed sector and cattle feed industry 
(Klieh et al 2002, Basavaraj and Parthasarathy Rao 2011, Parthasarathy 
Rao and Basavaraj 2011). Besides molasses the alcohol industry is using 
grains to produce alcohol for potable alcohol and for pharmaceutical 
industry. Based on their market prices, broken rice, pearl millet and 
sorghum are some of the grains used in the alcohol industry.
Drivers of Agricultural Diversification
There have been a number of studies on factors driving diversification at 
the farm level. Joshi et al 2007, found that determinants of diversification 
towards horticulture crops included both demand and supply side factors. 
From the demand side, urbanization and income were the main drivers. 
From the supply side, relative profitability, roads and market network 
were positively effecting diversification. Rainfall and irrigation were 
negatively associated with horticulture crops implying that horticulture 
crops were expanding in areas with low-irrigation under low to medium 
rainfall regimes. One surprise result was the positive relationship between 
horticulture commodities and proportion of small holders. However, they 
qualify this by stating that in the absence of appropriate markets small 
holders’ opportunities may be affected.
Similar results were found by Parthasarathy Rao et al 2006 and 2007. 
Looking at a more regionally disaggregated picture (using district level 
data), these studies found that  diversification of agriculture is growing 
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fast in peri-urban areas i.e., urban districts (districts with large urban 
cities), and in districts neighboring urban districts (urban surrounded 
districts); medium to high rainfall districts; districts with good road 
network and infrastructure facilities (markets, veterinary services). 
Diversification was faster in urban surrounded districts that are connected 
with national/state highways to the urban centers. On the other hand 
irrigation area under HYVs and high input agriculture in better endowed 
regions has a negative influence on HVCs. As an example, we see 
contrasting trends in diversification of agriculture in Punjab (with 
high irrigation levels) and Andhra Pradesh (with moderate irrigation 
levels). Between 1992-93 and 2008-09 the share of livestock, fruits and 
vegetables in total value of agriculture production has grown faster in 
Andhra Pradesh at the expense of other crops when compared to Punjab.
Challenges of High Value Agriculture Particularly For Small 
Farmers
Despite the robust response of farmers to rising demand for high value 
commodities, there are apprehensions on sustaining the higher growth 
rates unless institutional reforms and policy changes are brought about 
to sustain their growth. The nagging inflation the country is facing is 
partly attributed to supply side constraints in raising the production of 
high value commodities. The present marketing systems and institutions 
are geared towards marketing of crops like cereals, pulses, oilseeds etc. 
High value food commodities are perishable and hence need different 
marketing strategies and institutional arrangements that link farmers to 
end users. The increased demand for high value commodities (HVCs) in 
India is creating opportunities as well as challenges for farmers. There 
are strong monetary incentives for the farmers to diversify cultivation to 
high value commodities due to their strong potential for higher returns to 
land, labor and capital. The potential stumbling block is that smallholders 
dominate Indian agriculture. Small size implies that the marketable 
surpluses are small, leading to high transactions costs. Also, it is feared 
that small holders will not be able to meet the quality standards required 
by the consumers and processors owing to lack of access to the right 
technology and infrastructure. The processing sector is consolidating and 
getting bigger and bigger while farm sizes are shrinking. There are thus 
apprehensions that processors (fruit, vegetable, milk, meat, feed, alcohol, 
etc.) and super market chains would overlook the small farmers since they 
need bulk quantities of specified qualities year round.
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Measures to Promote Diversification to High Value 
Commodities
There are a number of constraints to agricultural diversification. These 
include constraints related to credit, infrastructure (particularly cold 
storages refrigerated transportation), quality standards and SPS issues. 
High value commodities are capital intensive and availability of credit is 
a must for small scale producers. Earlier studies have however found that 
bulk of the primary credit from the formal sector goes for traditional crops 
like food grains, sugarcane, cotton and oilseeds. Even within the crop 
sector vegetables get a very small share of primary credit (Parthasarathy 
Rao et al 2008). SPS issues are becoming increasingly important 
particularly for exports. Under trade liberalization and globalization, 
stringent quality standards are imposed and crop production practices 
and post-harvest handling standards are also spelled out involving 
additional investments at the farm level.
Measures to promote and sustain diversification include market reforms 
by bringing institutional innovations in linking farmers to end users 
(contract farming, bulk marketing through growers association); ICT 
enabled supply chains; reforms related to food processing industry (food 
processing policy); investment in infrastructure; promotion of commodity 
clubs, farmers associations etc. The government of India has taken some 
steps in this direction, the most important  being market reforms.
Model Agricultural Produce Marketing Act
An efficient marketing system should reduce post-harvest losses, enhance 
farmers’ realization, reduce consumer prices, promote grading and food 
safety practices, induce demand-driven production, enable higher value 
addition and facilitate exports. Structural and institutional reforms are 
necessary to make the present agricultural marketing system competitive 
and efficient. The Model Agricultural Produce Marketing Act is an attempt 
to overcome some of the major bottlenecks in the present system and to 
promote competitive marketing from farm to the consumer’s plate. The 
Act highlights the need for an alternative marketing system to promote 
direct marketing, smooth raw material supplies to agro-processing 
industries, competitive trading, organized retailing, information exchange 
and adoption of innovative marketing systems and technologies (Ministry 
of Agriculture, 2003):
Specifically some of the key recommendations include: Setting up of 
new markets by private sector or other parties; separate markets for 
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special commodities; direct marketing by farmers to agro-processors; 
provision for contract farming; formation of Farmers’ Associations for 
bulk marketing; pledge financing and instituting a system of negotiable 
warehouse receipts; ensuring complete transparency in the pricing system 
and transactions; providing market-led extension services to farmers; 
dissemination of market intelligence information (arrivals and prices 
data); promotion of public–private partnerships in the management of 
agricultural markets; wider role of State Marketing Boards in training 
& extension in market related areas; constitution of Standards Bureau 
at State level; Imposition of single-point levy of market fee on the 
sale of notified agricultural commodities in any market area. Several 
state governments have incorporated provisions of the act into their 
regulated market act. However, ground level implementation is far from 
satisfactory.
For smooth implementation of the model marketing act, the government 
should play a role in increasing investments in infrastructure (roads, 
cold storage, bulk coolers); foster improved linkages between rural-
urban markets; set up information kiosks on prices, arrivals, quality 
standards; promote horizontal and vertical integration through 
innovative institutional linkages; harness private sector innovations in 
food marketing; establish effective mechanisms for dispute settlement; 
simplify procedures for setting up food processing industries; incentives 
to agro-processing industry to strengthen backward and forward linkages; 
enhance access to formal credit and insurance and establishment of 
Agricultural Exports Zones (AEZs).
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The rainfed regions of the world are the poorest and most food deficient areas due to the low productivity of land and limited water 
resources. In the recent decade this has been exasperated by erratic 
climatic conditions and increasing population. The farmers are mostly 
small holders engaged in subsistence farming. In such an economy the 
roles of both men and women are very important as both are involved 
in cropping and livestock enterprises equally. Women are equally, 
if not more responsible for certain tasks such as sowing, weeding, 
harvesting and processing. In fact, women’s workloads are greater in 
rainfed agriculture than in irrigated areas due to the poor economic 
standards of these areas. Despite women’s dominant and critical role 
in the agricultural sector (as cultivators, labourers, processors, traders, 
and entrepreneurs), and as generators of major source of income for 
household and national economies alike, the value and importance of 
women’s activities is not always proportionate with their decision-making 
rights. Access to and control over the resources, including markets, new 
technology, and income is poor. Women usually face extreme challenges 
and constraints in accessing resources, farm inputs, services, knowledge, 
opportunities, and their productivity remains low relative to their 
potential. This affects agricultural production, economic growth and well-
being of their families, communities and so the countries.
Thus, gender is one of the most common determinants of inequity which 
intersects other socio-economic factors that create differences between 
individuals. The deep-seated social inequalities go against women 
denying them an effective voice in decision-making and management 
both at the household and community level. In agriculture too gender is 
an important determinant of agricultural outcomes, in terms of resource 
management and productivity. The gender gap encompasses differences 
between men and women in a range of areas – ownership, user rights 
over resources including land, water, livestock; capacity to capture 
beneficial environmental services;  financial capital; labour use and the 
returns to labor; in political and social capital (empowerment) and in 
Chanda Gurung Goodrich
Addressing Gender Equality in Rainfed 
Agriculture
55
56
their access to technology, training, information and agricultural advisory 
services in general. Furthermore, women face a distinctive disadvantage, 
since they are the ones who sacrifice their opportunity for education 
and skill development to manage land and agriculture. In recent years, 
gender inequalities are even more significant in most rainfed regions of 
the world as the numbers of female headed households are increasing. 
The harsh conditions combined with increased population and low 
returns from  agriculture has resulted in large numbers of men leaving 
agriculture in search of employment in off-farm activities in urban areas, 
leaving women to assume many tasks that were earlier done by men. 
These female headed households are frequently faced with numerous 
disadvantages such as insecure property rights, shortages of adult labor, 
limited access to the means of production compared to male headed 
households. Inequitable opportunities for asset accumulation and income 
generation thus place these women and their households among the most 
vulnerable segments of the rural poor. Due to such gender differential 
access to and control over resources, the yield gap between men and 
women averages around 20–30%, and a large body of studies have found 
that if women farmers had access to and control over the same level of 
resources as men on the land they farm, they would achieve the same 
yield levels if not more.
Much of the development community today recognizes that changing 
research and development (R & D) from male dominated to gender-
equitable farming is not merely an issue of political correctness or 
ideology; it is a matter of development effectiveness that can benefit 
everyone. It is increasingly realized that the chances of growth and 
improvement in poverty reduction are closely linked with gender 
equality and decline in deprivation of women and girls. There is a 
growing evidence that gender plays an important and strategic role 
in promoting economic growth, poverty reduction, and development 
effectiveness. When women and men are relatively equal, economies 
tend to grow faster, the poor move quickly out of poverty, and the well-
being of men, women and children is enhanced. Recent discourse on 
building economic power for rural communities has drawn attention to 
two dimensions: ownership and control of certain assets such as land, 
housing, livestock, common property resources, businesses, health and 
finances as leveraging factors in pursuing gender equality. Similarly, 
a recent study done by the Commission on Growth and Development 
acknowledges and emphasizes that gender equity is supportive of 
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efficiency and growth. As such, programs and projects that ignore gender 
specific barriers to resources, opportunities, and benefits have a risk of 
excluding a large proportion of farmers (who are women) and the farming 
community.
Hence, it is important to create and promote equity structures that deal 
with gender equality, promote local capacities and do not impede 
development and expanding opportunity to achieve inclusive growth. 
The promotion of gender equality implies explicit attention to women’s 
needs, interests and perspectives. It means that policies and operational 
strategies affecting the agricultural sector should explicitly consider the 
gender dimensions in particular areas where gender related factors are 
expected to play a significant role such as management of land, trade and 
markets. A number of research studies have confirmed that closing the 
gender gap in agriculture can improve not only agricultural productivity, 
but also bring about important additional benefits of raising the incomes 
of women farmers, increasing the availability of food and reduction of 
food prices, raising women’s employment and real wages. According to 
FAO’s latest estimates, 925 million people are currently undernourished. 
Closing the gender gap in agricultural yields could bring that number 
down by as much as 100–50 million people. Thus, promotion of gender 
equality and empowering women in (rainfed) agriculture is crucial to fight 
against hunger and poverty. Furthermore, gender equality in access to 
opportunities and returns to assets will lead to a rise in the level of human 
capital in society through improved nutrition, health and education 
outcomes, which in turn can have a long-lasting impact on economic 
growth.
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One of the ways to reduce poverty in agrarian societies like India is to promote the adoption of new agricultural practices and technologies 
by both men and women, thereby raising the agricultural output and 
productivity on a sustainable and equitable basis. Agriculture in India has 
seen profound changes during the last five and a half decades. However, 
these technological changes and investments were concentrated in the 
more favourable regions like the Indo-gangetic plains. The trickle-down 
effect of these technological changes in the semi-arid tropics (SAT) was 
slow and in some cases it did not take place at all. The crops grown in the 
SAT were mostly subsistence crops like sorghum, pearlmillet, fingermillet, 
and pulses, and these did not receive the attention of either the researchers 
or the policy makers. Availability of water is a major constraint in these 
regions. Even though the SAT region is now experiencing technological 
changes through the introduction of downy mildew resistant pearlmillet, 
short duration chickpeas and pigeon peas, drought resistant groundnuts, 
wilt resistant cultivars, to name a few, the policy and investment bias still 
exists.
In a nutshell, it can be said that the technological change in the SAT is 
slow and less dynamic compared to the regions with better soils, water 
and irrigation facilities.  With the emergence of the dual phenomenon 
of feminization of agriculture (and labour)due to male migration and 
feminization of poverty, it is imperative to recognize the realized as 
well as potential contribution of both men and women farmers in 
agriculture and understand their decision processes and constraints. The 
harsh environment of the SAT necessitates collective action as a coping 
mechanism to overcome the challenges of extreme weather events, 
poor resource endowments and policy bias to bring about significant 
economic changes. Understanding and acknowledging the role of social 
capital through social networks in the nexus of technology adoption, 
exchange and spread is therefore essential to facilitate large scale 
diffusion of technologies.
Role of Social Networks in Promoting 
Agricultural Development 
R Padmaja
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It is now widely recognized that the information revolution in India has 
given birth to new economies structured around flows of information 
and knowledge. Village communities are not homogeneous entities 
but a combination of complex networks of social relationships. Many 
factors such as ethnicity, caste, gender, socio-economic status, and 
power relations determine one’s access to information and resources.  
Social networks have therefore grown stronger as forms of organization 
of human activity. Social relationships in agricultural communities have 
traditionally been characterized by strong, often life long ties through 
small, homogeneous local networks. As farming is reshaped by changes 
in the global agricultural system, new forms of relationships for both 
conventional and alternative farmers are emerging which may involve 
unfamiliar players, innovative business models and distant geographies. 
An important implication of this change is that relational skills for 
interacting effectively in networks have become critical to success of 
farm business. An inadequate understanding of local social networks, 
norms, and power relations may lead to the formulation of policy 
recommendations that are not favourable to the local needs. This may 
further the interests of better-off farmers and marginalize the poor. As 
reiterated earlier, for the harsh environment of the SAT which experiences 
a bias in terms of investments, technological innovations, policies and 
government support, social networks are one form of institutions which 
can help rural women and men help themselves through norms of trust, 
reciprocity and sharing of resources, technologies and knowledge.
My experience at the International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) was documenting and mapping the social network 
architectures of women and men in rural communities in the SAT. The 
case studies and the sociological analysis demonstrate that formal and 
informal social networks mediate technology adoption and play an 
even greater role in the diffusion of technology. The non-availability of 
(or difficulty in obtaining) formal insurance and inadequate financial, 
agricultural information delivery and extension systems in the study 
villages has prompted the development of kinship networks in one village 
and self-help groups in another. Networks based on kinship proved to 
be one of the channels through which agricultural technology spread 
not only with in the entire village, but also to the neighbouring districts, 
thereby promoting agricultural development. The analysis also leads 
to the conclusion that villages/rural communities which are endowed 
with a diverse stock of social networks and civic associations are in 
61
a stronger position to deal with changes in the external environment, 
resolve conflicts, and take advantage of new opportunities. The SAT has 
a heterogeneous population – heterogeneity in terms of human capital, 
resource endowments, financial capital as well as social capital. It is 
documented that information flows less smoothly in a heterogeneous 
population. Hence the role of social networks either by caste, kinship 
or even class in the spread of information becomes more important in 
the SAT.The gender-based social analysis clearly illustrates how social 
networks influence and shape individual and collective behaviour in the 
process of agricultural development. The mapping of the social network 
architecture facilitates the identification of strategies by development 
practitioners through viable entry points for innovation and intervention, 
media for collective action, pathways of information flows and access 
to resources and services.  Understanding adoptive and adaptive 
capacity ultimately provides a basis for identifying delivery channels for 
technical adaptation and adoption options. Social networks as a form of 
institutional arrangements, particularly in SAT agriculture play a critical 
role in promoting agricultural development.
From a broader development perspective, I argue that policy interventions 
and government support must target areas where the linkages are weak 
or missing or lacking keeping in view the differences by gender and 
caste, especially in the rural areas where agriculture continues to be the 
dominant source of livelihood for many.
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Dealing with Risks and Uncertainties 
in Rainfed Agriculture
In the middle of the 1970s, ICRISAT set up its Village Studies Program that collected data from 240 farmers and landless workers in six villages 
of the semi-arid tropics (SAT) of India for ten consecutive years, and 
thereby provided the foundation for a series of path-breaking studies of 
behavior of farmers in high-risk rainfed agriculture. These are described 
in Walker and Ryan (1990) and additional journal articles. The studies 
showed the exceptional risks of farm profits in the SAT that stem from 
highly variable yields and prices. They documented the ex-ante and ex-
post adjustment mechanisms used by farmers to cope with such high risk. 
These include crop diversification, intercropping, drawing down stocks 
and savings, gifts and loans from relatives or within close social network, 
seeking of employment in distant labor markets and in government 
employment programs, as well as savings in the form of draft animals 
that can be sold during prolonged drought (Rosenzweig and Wolpin, 
1985), and marriage alliances that span wider geographic areas with 
increasing riskiness of agriculture (Rosenzweig and Stark, 1989).1 Village 
studies were revived at ICRISAT in 2001 under the leadership of Cynthia 
Bantilan.
The ICRISAT studies that included experimental measurement of risk 
aversion (Binswanger, 1980) and discount rates of farmers (Pender, 1996) 
are still used as models all around the world. These show that when payoffs 
are fairly high, farmers typically are moderately risk averse, with very few 
farmers being extremely risk averse and none being risk preferring. The 
studies also showed that when farmers and landless workers are offered 
one bag of rice today versus two bags of rice in two months, nearly one 
half choose the rice today, even though it is an extremely unattractive 
option in terms of returns. This  suggests that many of them have extremely 
high revealed discount rates and suffer from extreme liquidity and credit 
constraints. These two experiments suggest that liquidity and credit 
constraints are more likely to restrict input use and investment in dry-land 
1 Many of these mechanisms have recently been reviewed at the global level 
(Bhattamishra, R. and Barrett, C.B., 2010)
Hans P Binswanger-Mkhize
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agriculture than risk aversion (Binswanger and Sillers, 1983, Holden and 
Binswanger, 1998).
The data were used to test whether the informal risk diffusion 
mechanisms used by farmers were sufficient to self insure them so 
that the extreme variability of farm profits would not be reflected in 
the variability of consumption or food consumption (Rosenzweig and 
Binswanger, 1993). It was found that for household–specific risks such 
as illness or accidents, food consumption does not subsequently decline, 
but other expenditures do, suggesting that informal mechanisms are quite 
effective for these risks. For covariant or village and regional shocks, 
however, even food consumption declines. When all households in 
a village or small region experience a shock, they cannot help each 
other out, and the informal risk sharing mechanisms break down. This 
insight has led to the recognition that social protection should primarily 
insure covariant risks, while informal arrangements are able to insure 
household- or individual-specific risks. 
Input use and investment behavior is also constrained when risks are not 
perfectly insured (ibid). The study showed that the wealthier farmers are 
sufficiently well insured via their informal mechanisms so that they can 
invest in the most profitable inputs and capital items, and so have profit-
maximizing investment portfolios. On the other hand, poor farmers have 
to invest part of their funds into inputs and capital items that are risk 
reducing but have to endure lower returns. The investigation showed that 
they sacrifice (on an average) about one third of the return to capital by 
doing so, while the large farmers can reap the full benefits.
The ICRISAT village studies led to the recognition that it is  covariant 
risks, combined with transaction costs and moral hazard2, that  make the 
provision of credit and crop insurance very difficult in rural economy 
(Binswanger and Rosenzweig, 1986). The three factors explain why it 
has been so extraordinarily difficult to develop viable agricultural credit 
systems, why micro-finance is so difficult to apply for agriculture, and 
why crop insurance has not been able to assist in managing the riskiness 
of agricultural credit – if it suffers from the same fundamental covariance 
2 Moral hazard arises when a farmer reduces his effort to prevent crop failure because he 
anticipates an insurance payout, or when he exaggerates his loss to get a higher payout.
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and moral hazard problems as credit, it cannot be used to insure credit 
(Binswanger, 1987).3
What then are the best ways to help farmers manage their high profit 
risks, and especially their covariant risks stemming from the weather 
and from sharp fluctuations in market prices? Since the Indian Famine 
Codes that were elaborated at the end of the 19th century, employment 
generation has been the preferred system for emergency relief in India 
and many other countries. It can help both small farmers and landless 
workers, who either have less work on their own farm or whose 
agricultural employment opportunities have collapsed. An additional 
advantage of such a program is that the beneficiaries who need it will 
self-select into the program, while to those who do not need it will not 
apply.
In the ICRISAT village studies it was found that there had not been any 
distress sales of land since the 1950s primarily because of the presence 
of employment generation (Walker and Ryan, 1990). In Bangladesh 
such programs were much less prevalent and distress sales of land were 
observed even in the 1960s to 1980s. Distress sales of productive assets, 
especially of land, have put households on the path of destitution, and 
are to be avoided at all costs. The Maharashtra Employment Guarantee 
Scheme was already in operation during the study period in the ICRISAT 
villages, and has inspired the development and rollout of the MNREGA 
employment program all over India. This program has the potential to 
make a big contribution to risk management of farmers and landless 
workers all over India.
A second approach is the breeding of improved crop varieties and 
livestock races that are resistant to water stress, flooding, and pests and 
diseases. Such programs are now an important agenda for the CGIAR 
and for national agricultural research institutions. A third approach that 
4  The development of road networks and other public investments, and of 
communication systems like cell phones, also helps in reducing risks, especially by 
facilitating ex-post adjustments. For example a cell phone reduced the cost of searching 
for employment in more distant areas when drought reduces employment at home. 
3  Covariant risks, spatial dispersion, seasonality, moral hazard, and the attributes of 
factors of production also determine the production relations in agriculture, including 
for example the nature of labor contracts and labor markets, the preference for land 
as collateral or collateral substitute in credit markets, the preference for accumulating 
draft animals partly for the purpose of risk diffusion, and many more (Binswanger 
and Rosenzweig, 1986). These insights have entered the mainstream of agricultural 
economics and been applied to many different environments. 
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has shown a lot of promise, for example recently in Gujarat, is drought 
proofing of agriculture via water harvesting under-ground and in ponds 
and small reservoirs.4
For the reasons already discussed, the experience with crop insurance 
has not only been very long but also very disappointing. All yield crop 
insurance that assessed each farmer’s yields has proven impossible to 
implement without heavy subsidies all across the world (Hazell, et al, 
1987). Instead, insurance systems are now being implemented or tried 
out that pay out on an insurance contract either when average yield 
in an area drops (area-based insurance), or when rainfall drops below 
the agreed threshold in particular time periods (rainfall insurance) 
(Binswanger, 2012). This eliminates the moral hazard, and also the cost 
of assessing output in each field. However, it leads to a so called “basis 
risk,” which arises when a farmer has a loss at a time when other farmers 
in his areas do not, or when the rainfall measured at the weather station 
is good, while the one at his field is poor. Basis risk has recently shown 
to be a high barrier to the adoption of area-based insurance or rainfall 
insurance, because when this happens the farmer will be worse off than 
when he had not bought the insurance at all. He had already paid the 
insurance premium and had got no insurance payout and he also suffers 
a loss.
The other main constraint to crop insurance of any kind is that, better-
off famers are already sufficiently well insured to have profit maximizing 
portfolios (Rosenzweig and Binswanger, 1993). Unless the insurance 
premium is less than the cost of the informal insurance mechanisms that 
provides the same insurance benefits, they will not have any demand 
for insurance. For the poor farmers, however, an appropriate insurance 
could help them invest in more profit maximizing portfolios of assets and 
inputs, and achieve higher incomes. As we have seen, they are extremely 
liquidity constrained, and will not be able to purchase the insurance 
when it is offered (ibid). Many programs are therefore attempting to 
overcome the liquidity constraint by insuring only credit, but such an 
approach is more beneficial to the bank than to the farmer. Another way 
tried in Ethiopia is to let farmers earn the premium in an employment 
generation program. However, it is not obvious why crop insurance is 
needed to diffuse risk if there is a good employment generation program.
In addition, any insurance that insures the yield of a particular crop is 
far away from insuring total farm profit - the key variable that needs to 
be insured to alter investment behavior of farmers (Binswanger, 2012). 
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There are some companies that are experimenting with insuring the 
value of the crop instead, which gets us closer to farm profit (Dercon. 
2009, Hess and Hazell. 2009, Hazell and Hess. 2010). This requires the 
development of insurance products by the company that reinsures rainfall 
risks in international markets, as well as insures the price risks in forward 
markets.
If there is no dominant crop, then only a small portion of the profit risk 
will be insured by focusing on a single crop. Mongolia has a livestock 
insurance program against severe winters (dzud) that insures households’ 
livestock herds, and Kenya has one that insures them against drought. 
The herders derive almost their entire income from their herds, as they 
rarely grow crops and usually cannot engage in non-farm work. As a 
consequence this insurance ensures the capital stock behind all or almost 
all of the farm profits, and is therefore much closer to an ideal insurance 
product than crop-specific insurances (Carter 2009). 
It is not surprising that the uptake of the new weather-based insurances 
has been quite limited across the World. A fairly small proportion of 
farmers tend to buy it, and if bought, they tend to buy the smallest 
amount possible (Giné, 2009). As a consequence it is hard to see how 
these programs can have a large impact on farmer investment and input 
use behavior. And with such a small proportion of farmers insuring, 
and of their risk covered, the government will still have to come up 
with employment generation program or other relief to counter natural 
disasters such as drought or flood.
The conclusion therefore espouses that a functional  employment 
generation program is likely to be a more powerful approach to risk 
management in dry land agriculture (Del Ninno et al. 2009; Binswanger 
2012). It would leave out those households that cannot work and 
countries such as Ethiopia, India, and China therefore have special 
programs for the social protection of these populations. In addition, 
desirous of making improved crop and livestock varieties more stress-
resistant, and drought proofing the dry land areas will continue to be of 
very high priority.
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FDI in Multi-Brand Retail: Will it Benefit 
Small Holder Farmers?
SS Acharya
The Government of India allowed foreign direct investment (FDI) in multi-brand retail (MBR) in September 2012. This was through 
reiteration of a decision taken in November 2011, which was put on hold 
due to strong opposition by some sections of the society, including some 
political parties. Allowing FDI in MBR basically aimed at accelerating 
the expansion of modern organized retailers (ORs) of various consumer 
goods that include farm products, both fresh and processed. For 
understanding the impact of FDI in MBR on the small holder farmers, 
there is a need to proceed stage-wise and first answer a series of related 
questions like (a) whether the entry of ORs will help in improving 
marketing efficiency of agricultural products; (b) whether the entry of ORs 
will help in improving farmers’ incomes by way of higher prices for their 
produce; (c) whether the benefits of the entry of ORs will also reach the 
small holder farmers in an adequate measure; and (d) if the answers to 
earlier questions are positive, whether the entry of foreign retail investors 
(through FDI in MBR) will help in accelerating the positive outcomes, 
particularly for small holder farmers. It may be mentioned that positive 
answer to question ‘a’ is a necessary, but not a sufficient condition, for a 
positive answer to question ‘b’. Further, positive answer to question ‘b’ is 
necessary, but not asufficient condition, for a positive answer to question 
‘c’. And, positive answer to question ‘c’ is necessary, but not a sufficient 
condition, for a positive answer to question ‘d’. It is in this context that a 
sequential analysis is necessary to answer the critical thematic question of 
this paper.
Efficient agricultural marketing system is an essential pre-requisite for 
(a) accelerating agricultural growth, (b) improving farm incomes, (c) 
increasing physical and economic access of masses to food, and (d) 
making agricultural sector competitive in the world market. Recognizing 
this, the government of India has taken several steps during the last ten 
years that may be termed as a second phase of agricultural marketing 
reforms in India. The second phase of marketing reforms has been built 
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on the outcome and lessons of the first phase reforms that started in the 
1960s as a part of food security and agricultural development strategy. 
The objectives of reforms at that time had been to assure a reasonable 
price to the farmers (as an incentive to increase production), maintain 
affordable prices of food for the consumers, and achieve a reduction 
in the marketing costs/margins to increase the marketing efficiency. 
The first phase of reforms included regulation of wholesale agricultural 
markets. These aimed at the creation of basic physical infrastructure in 
primary market yards, providing farmer-dominated market committees 
for management, and standardization of market charges payable by the 
farmers for various marketing services. As agriculture was (and continues 
to be) a state subject, a Model Agricultural Produce Markets Regulation 
(APMR) Act was circulated by the Centre to the states. It took around 18 
years for the major states to adopt the Act. More than seven thousand 
primary agricultural produce markets were brought under the ambit of 
State APMR Acts. A large number of research studies in 1980s brought 
out that while major objectives of reforms were achieved, there had been 
a considerable gap between the intention of the regulation and practice 
on the ground. It was also found that several new problems had emerged 
in the regulated markets (notified market yards or sub-yards).
In the wake of the emerging situation, the entire agricultural marketing 
scenario, prevailing at that time, was comprehensively reviewed during 
the 1990s, which provided the basis for second phase of reforms. 
Amendments in the state APMR Acts were suggested by the Union 
Ministry of Agriculture to the state governments to inter alia allow direct 
purchases of farm products by bulk buyers from farmers, encouragement 
of contract farming or marketing, and linking farmers to the consumers 
or retailers. The Government launched several incentive schemes to 
attract private investment in agricultural marketing. Further, the organized 
retailing of farm products by domestic companies and FDI in wholesale 
(bulk handling and storage) trade of farm products was permitted. 
However, adequate private investment in agricultural marketing chain did 
not occur due to several factors. The huge wastage of farm products and 
avoidable losses (estimated to be Rs. 960 billion per annum) that occur in 
the marketing chain have continued unabated.
The need for encouraging modern organized retailers in agricultural 
commodities was felt due to the increase in demand for value-added 
services by the rising consumer incomes and lack of investment by the 
existing traders and unorganized retailers in agricultural marketing. In this 
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context, the entry of organized retail is aimed at improving the efficiency 
of the Indian agricultural marketing system. The practices adopted 
by ORs from procurement to retail helped in reducing the avoidable 
marketing costs, including the wastage. It was, therefore obvious that 
increased emphasis was needed to focus the attention on the entire 
marketing chain up to the retail level. Retailing is the last segment of the 
chain, which links farm gate to the consumers. Retailers, being closest 
to the consumers, face several challenges owing to different consumer 
choices and buying habits. For fruits and vegetables, Indian consumers 
have strong preference for fresh products accounting for 75% of total 
demand. Traditional unorganized retail formats in India include grocers 
or kirana stores, exclusive fruits and vegetable retailers, cycle or the 
lawalas and farmers themselves. According to one estimate, there are 
11.2 million retailers of farm products who conduct a total business of 
around Rs.13 trillion. Most of these are family enterprises,which have less 
than 500 square feet area each and are under-capitalized. The per capita 
retail space in India is very low, being the lowest in the world.
Currently, we have domestic companies in both wholesale and retail and 
a few foreign companies in wholesale and in joint venture (JV) format, 
with domestic companies, in single brand retail (SBR). In November 
2011, we had 300 stores under JV-SBR. Contract farming has also 
expanded but is still limited, accounting for around 0.7 million hectares 
area. The number of super market outlets is around 5000. These face 
intense competition from kirana stores and other domestic retail formats. 
It is reported that during the last three years, several OR outlets were 
closed due to several reasons, including non-availability of real estate at 
prime locations and some state governments’ attitude against their entry 
or continuance, apart from competition from local formats.
The arguments in support of ORs are that (a) they will spend in back-
end infrastructure to reduce wastage and remove avoidable losses in 
the supply chain, (b) they will procure directly from farmers to save 
transaction costs, (c) they provide sales convenience, assured price/
market to farmers and reduce their marketing risks, (d) they will bring 
new technology, expertise and modern management practices in retail, 
(e) they will increase competition and improve marketing efficiency, (f) 
they will provide more choices, shopping comfort and safer food to the 
consumers, (g) they will increase investment and thereby step up other 
economic activities, and (h) they will help increase the sales of micro, 
small and medium enterprises (MSMEs) at lower costs. Further, big 
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retailers will help small retailers who will be able to source their supplies 
from them, as is the experience in India as well as in other developing 
countries. However, there are quite a few fears being expressed in some 
quarters. The first fear appears to be that the farmers may be left with a 
few buyers (i.e. face an oligopsony situation). This is unfounded because 
the share of ORs may not exceed 15 or 20% of the marketed surplus 
in the next 15 or 20 years and that is possible if there exists the most 
favorable conditions for ORs to expand. For the remaining 80% of the 
marketed surplus, there will continue to be several buyers. The farmers 
are wise-enough and already on the move to organize into groups for 
better bargaining with corporate retailers. The second fear is that ORs will 
maximize their profits. Yes, it is true but they will save avoidable losses 
and reduce marketing costs and share a part of these with both farmers 
and consumers. Further, they will face stiff competition. The third fear is 
that they will do away with kirana stores and hawkers. This is unfounded 
and has not happened any where in the developing world. The entry of 
ORs will increase competition but local retailers will continue to exist but 
with increased efficiency.
Obviously, there are ‘arguments in favour’ and ‘fears against’. The debate 
and cacophony witnessed in the country on this issue are mainly due 
to one-sided view taken by both sides.Those who are in favour of the 
policy refuse to accept that there may be a dark side to it while those 
who are opposing the policy see none of its positive aspects. On balance, 
it should be recognized that the opening of super markets or ORs is 
neither a magic wand to solve all the marketing problems of Indian 
farmers nor is it an unmitigated disaster. The fears of competition are 
real but competition is necessary to improve efficiency. Entry of global 
food giants and others in telecom, automobiles and farm machinery in 
improving efficiency is sufficient evidence. We should not undermine the 
ingenuity and acumen of our kirana stores and hawkers. No super market 
can provide the services our kirana stores and hawkers provide. They 
do enough business just beyond the exit point of super markets, apart 
from providing their services to visitors outside temples, office-to-home 
goers and morning walkers. As ORs have been allowed to be set up with 
professional circumspection and safeguards,if viewed dispassionately, it is 
in the overall national interest to encourage the organized sector to enter 
the farm products retail in a big way. It has and will definitely help the 
Indian farmers but will not solve all their marketing problems. Actions on 
many other fronts will be necessary.
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Whether small holder farmers benefit from the entry of ORs depends on 
several factors. Small holder farmers do not form a homogeneous group. 
Broadly, there are three groups of smallholder farmers viz.: (a) those 
who are fully commercialized and buy and sell in the markets; (b) those 
who participate in the market to a limited extent to buy inputs and sell 
a part of their produce (partially commercialized); and (c) those who are 
subsistence farmers, selling their labour in the market and buying part 
of their food needs from the market (net buyers of food grains). Among 
commercialized small holder farmers, three patterns of market linkages 
can be identified. First is when farmers are connected to high value 
export markets either directly or through farmers organizations and other 
exporters, for example in grapes, baby corn, gherkins, papaya(papain), 
marigold (oleoresin) and organic crop products. The second group 
comprises of those small holder farmers who operate in high value 
domestic markets like potato, onion, milk, and broilers, supplying to 
wholesalers, modern domestic retailers or ‘cash n carry’ wholesale 
players. And the third group includes those who produce cereals, 
pulses, and oilseeds and sell in domestic markets to wholesalers, state 
procurement or purchase agencies at pre-announced support or purchase 
prices. Obviously, the benefits of expansion of ORs will reach small 
holder farmers to the extent of their commercialization but it may not be 
automatic.
The experience in India and other developing countries shows that 
ORs or super market chains prefer to procure from large and medium 
size farmers or from farmers’ groups but this is true for fresh fruits and 
vegetables. With other items of food and grocery retail, the procurement 
is generally through open market (APMC yards and wholesale markets), 
e-choupals, own procurement centres or contracted farmers. Clearly, 
there is a need to organize the small holder farmers into groups for 
deriving the potential benefits from expansion of organized retail 
networks.
The decision to allow FDI in MBR, to 51%, is a very positive step in 
improving the efficiency of agricultural marketing system. This will 
accelerate the pace of developing farm gate to consumer linkages. It 
may be mentioned that the conditions proposed by the government for 
FDI in MBR are quite comprehensive and take into account the fears 
in this regard and incorporate the global experience which include the 
required safeguards. It is proposed to initially allow FDI in 1 million-plus 
cities (53). A minimum investment of Rs 5 billion, with at least 50% in 
76
back-end infrastructure, is another condition. The farm products will 
not be allowed to be sold under any brand name and at least 30% of 
merchandise items will have to be procured from Indian micro, small 
and medium enterprises (MSMEs). The arguments in favour and against 
FDI are almost the same as for ORs mentioned before. In addition, as 
Joint Ventures (JVs) will be necessary, domestic retail and agro-processing 
companies will benefit. The Indian MSMEs will benefit as they will get 
technological and investment support from the global retailers. Farmers 
may also gain access to global markets for such agricultural products in 
which India has a comparative advantage.
From all angles, this positive move by the government will attract much 
needed investment in agricultural supply chains. We have in the past 
opened many sectors and benefited. It is not a panacea but will help 
increase competition and reduce huge losses in farm products which are 
bound to hurt both the farmers and the consumers. It should be treated 
as a win-win situation and not a zero-sum game. Entry of organized 
retail (domestic or foreign) is a modified form of AMUL model for 
milk, because cooperative model in other sectors (other than milk and 
sugarcane/sugar) has not been very successful. However, to make entry 
of OR in farm commodities successful and creation of a system for them 
to reach a level of 15 to 20% of marketed surplus, several other measures 
will be necessary. These include agreement of state governments, massive 
program of organizing farmers into marketing groups, promoting contract 
farming arrangements, and comprehensive reformulation of APMR 
Acts. The small holder farmers will benefit to the extent they are able to 
organize into groups and participate in several promotional programmes 
launched in recent years like producer companies, marketing 
cooperatives, and product or area-based self-help groups for collective 
marketing efforts. These programmes need to be up-scaled considerably 
for the benefits of expansion of ORs (domestic or foreign) to reach the 
small holder farmers in a large measure.
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Regional Cooperation for Agricultural 
Development in South Asia: 
Achievements and Way Forward
Uttam Deb
IntroductionAgriculture is the most important sector in South Asia. It contributes 
about one-fifth of the total GDP of South Asia and employs three-fourths 
of the total labour force. While agricultural population constitutes two-
third of the total population in South Asia, the performance of this sector 
plays an important role in economic growth and food security at the 
national and household levels. Over the last five decades South Asian 
agriculture has grown continuously with some ups and downs mainly 
caused by the weather conditions. Food grain production had increased 
from 172 million tons in 1970 to more than 400 million tons in 2010. 
During the same period, milk production had increased from 32 million 
tons to 172 million tons, and meat from 3.7 million tons to 17.6 million 
tons. Increased production has enhanced food security both in terms of 
availability and consumption. While it is widely accepted that increased 
production is essential for reducing hunger and ensuring food security 
for all, the defining factors for this yield increase in South Asia are the 
development and diffusion of modern agricultural technologies.
South Asian agriculture has great potential to prosper through cooperation 
among countries. The South Asian Association for Regional Cooperation 
(SAARC) has always been committed to the development of regional 
agriculture through cooperation since its inception in 1985. In this short 
note, I would like to focus on the achievements in regional cooperation 
under SAARC and suggest some measures to promote cooperation for 
agricultural development among South Asian countries.
Performance of South Asian Agriculture
Agriculture and overall economic growth in all the South Asian countries 
during the last three decades was very impressive. Till date, crop is the 
dominant sub-sector among all the sub-sectors of agriculture. South Asian 
countries have been experiencing a general decline in the share of the 
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agricultural sector to their GDP with expansion of industry and services 
sectors. This decline is varying between 13 to 35% in recent years, 
depending upon the country within the region.
Cereal production has experienced a high growth over time, whereas, 
production of pulses experienced a slow growth in most of the countries 
and declined or stagnated in others. South Asia as a region is deficit in 
pulses and oilseeds production. This shortfall in pulses is met through 
import of chickpea from Australia and Canada, and pigeon pea from 
east African countries such as Tanzania, Kenya and Ethiopia. Deficit in 
oilseeds are met through import of crude soybean oils from Brazil and 
Argentina and palm oil from Malaysia.
South Asia has gradually diversified in favour of high value enterprises, 
namely fruits, vegetables, livestock and fishery products. However, the 
level of diversification varies across countries. The study also revealed 
that crop diversification was coming from area expansion, with some 
exception of crop substitution in India and Sri Lanka. Incidentally, in 
Nepal, Pakistan and Sri Lanka, area expansion is also coming from 
deforestation, which is a cause of concern from environmental point of 
view (Joshi et al. 2002).
Agricultural trade among South Asian countries has experienced a 
switch-on and switch-off situation. Agriculture has been liberalised to a 
large extent with occasional restriction on export of various agricultural 
commodities which include rice, wheat, onion and potato to neutralize 
the rising prices in the domestic market. Applied tariff has been reduced 
substantially over time for majority of agricultural commodities. Potential 
for agricultural trade is high among South Asian countries.
Sources of livelihood for rural population in India and Bangladesh have 
been changing rapidly in the last decade. Real wages for both agriculture 
and non-agricultural workers have increased. Per capita real income 
of the villagers has increased over time. Role of non-farm income and 
remittances as a source of livelihood has increased. In the 1970s and 
1980s, villages were growing very slowly in terms of per capita income, 
diversification of income sources and cropping pattern. There is a 
substantial decline in poverty level particularly in the recent past. Farmers 
are now more responsive to the prices, policies and opportunities created 
to improved technologies and better market access (Deb, 2005; Deb, 
Bantilan and Anupama, 2011; Hossain and Bayes, 2010).
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Economic growth in the villages and rapid urbanization has created 
additional demand for agricultural products. Projected growth in demand 
in South Asia in 2025 will exceed by 2% for vegetables, fruits, milk and 
meat versus (around) 1% for cereals and 1.3% for pulses and oilseeds 
(Mruthyunjaya and Kumar 2010). 
Achievements in Regional Cooperation
SAARC has limited achievements in cooperation for agricultural 
development. SAARC Agricultural Information Centre (SAIC) was 
established in Dhaka in 1988 with the mandate to serve as a central 
information institution. The SAIC was renamed as SAARC Agricultural 
Centre (SAC) with a broader mandate for agricultural development in 
South Asia in 2007. The Centre has successfully prepared directories of 
agricultural institutions and scientists and developed useful databases on 
a number of crops and agricultural topics including potato, fish diseases, 
biotechnology, post-harvest technology, renewable energy resources, 
improved equipment, problem soils, transfer of technology, hybrid and 
high yielding crops and innovative technologies. 
The SAARC Food Security Reserve was established on 12 August 
1988 to generate a reserve of foodgrains that can meet emergencies in 
member countries. To expedite the functions of the SAARC Food Security 
Reserve and make it more effective, the 12th SAARC Summit declaration 
recommended the establishment of a Regional Food Bank.
SAARC Agriculture Ministers took common position in various World 
Food Summits held in Rome in 1996 and 2002. SAARC is yet to take 
common positions for agricultural trade negotiations held at the World 
Trade Organization (WTO). Networking among agricultural scientists 
has been strengthened through the establishment of 12 networks for 
various crops and disciplines. These are: rice and millet, wheat, oilseeds, 
horticulture (potato, vegetables and fruits), fisheries, forestry, transfer of 
technology, livestock (animal health and production), farm machinery 
and implements, post-harvest technology, agriculture economics and 
policies, and soils. Progress has been made towards establishing a 
network on amelioration of problem soils.
Technical Committees on Agriculture and Rural Development (TCARD) 
of the SAARC has developed SAARC Agriculture Vision 2020 in 2008. 
It has identified the major challenges for agriculture in the region: raise 
and sustain agriculture growth; ensure food and nutrition security; 
80
to face the challenge of climate change; adjust to changes in energy 
scenario; maintain bio-safety and bio-security; make sustainable use of 
natural resources; and protect bio-diversity. The document has rightly 
mentioned that new opportunities lie in trade, marketing, bio-technology, 
shifting demand preferences in domestic and global market, technology 
sharing, resource-sharing and investments in research, extension and 
infrastructure. It has rightly observed that SAARC countries need to 
develop science-based strategy for collective response to challenges, 
opportunities and global shocks. To that end, on a priority basis, a 
consensus is to be arrived at on identified areas for cooperation in 
agriculture; and then form partnership and institutional mechanisms to 
operationalize regional cooperation. Concrete areas for cooperation 
and action in agriculture sector within the existing SAARC arrangements 
should be put in place with focused strategy.
Institutional Capacity, Investment and Research Priorities
South Asian countries have good strength in agricultural research and 
development activities. According to a recent report of the SAARC 
Agriculture Centre (SAC 2012), 167 public agencies have been 
conducting agricultural R&D in India, 123 in Pakistan, 54 in Bangladesh, 
20 in Sri Lanka and 8 in Nepal. They have differences in size and 
structure. However, there are some similarities regarding organization 
and coordination of national agricultural R&D systems across the five 
countries. All the units have national agricultural research councils that 
coordinate agricultural R&D, set priorities, and administer competitive 
grant schemes, although their roles and scope of authority vary and  some 
are undergoing a change.
Government spending on South Asian agriculture has been on the 
rise in recent years. According to a newly published report (Stads and 
Rahija 2012) by Agricultural Science and Technology Indicators (ASTI) 
and IFPRI, total public agricultural R&D spending (in 2005 PPP dollars) 
in five South Asian countries (Bangladesh, India, Nepal, Pakistan and 
Sri Lanka) has more than doubled between 1996 and 2009, while the 
number of agricultural researchers decreased by 6%. The R&D spending 
has increased from 1,271 million in 1996 to 2,634 million in 2009. In 
2009, investment of India reached to $2.3 billion. Compared to India, 
Bangladesh, Nepal, Pakistan and Sri Lanka face greater challenges 
in agricultural R&D. Relative spending levels are lower in India, and 
year-to-year fluctuations in funding are extreme due to greater donor 
81
dependency. Agricultural R&D intensity ratios in Pakistan (0.21) and 
Nepal (0.23) are among the lowest in the developing world, and even 
India (0.40) invests a considerably lower share of its agricultural output 
on agricultural R&D when compared to other emerging economies such 
as China (0.50 in 2008) and Brazil (1.80 in 2006). These indicators are a 
clear sign that South Asia is under investing in agricultural research.
Private sector has been playing an increasingly important role in 
agricultural R&D investment in South Asia particularly in Bangladesh, 
India, and Pakistan (Naseem et al. 2012; Pray and Nagarajan 2012; 
Rashid, Ali and Gisselquist 2012). They are engaged in the development 
and delivery of hybrid seed. Increased demand for agricultural outputs, 
national policies conducive to private-sector investment have been 
resulting in growing involvement of the private sector in agricultural 
R&D.
Agriculture has special characteristics and location specificity for 
production of various crops and animals. Therefore, necessary conditions 
for effective regional cooperation include existence of similar agro-eco-
regions, socio-economic conditions and common goals to be achieved. 
South Asia has six major agro-eco-regions (AERs): (i) Hot Arid, (ii) Semi-
Arid, (iii) Irrigated Sub-Humid, (iv) High Rainfall Humid, (v) Sub-Humid 
to Humid Coasts, and (vi) Sub-Humid to Cold Arid Mountains. Regional 
spread, climate, major cropping systems and economic significance of 
these AERs are mentioned in Mruthyunjaya et al (2003). Among these, 
three AERs (Semi-Arid, High Rainfall Humid and Irrigated Sub-Humid) 
are quite large and occupy 38.1%, 26.4% and 19% respectively of the 
total net sown area in South Asia. Each of these three regions contribute 
more than one-fourth of total value of agricultural output in South Asia. 
On the other hand, three other AERs (Hot Arid, Sub-Humid to Humid 
Coastal and Sub-Humid to Cold Arid Mountain) together occupy 16.5% 
of net sown area and 19.38% of value of agriculture output. Plans and 
programmes for cooperation among SAARC countries can be based on 
these regions.
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Mrithuynjaya (2012) identified priorities for South Asian agriculture. 
Throughout  South Asia, rice, maize, wheat, pulses, oilseeds, and milk 
are identified as priority commodities along with horticulture (flowers, 
fruits and vegetables) and livestock including poultry and fishery. To 
support high-value agriculture, particularly the growing livestock sector, 
increasing the fodder supply has also been identified as a regional 
priority. Other priority areas include natural resources management, 
adaptation to climate change, resources conservation, and efficient use 
of water; management of genetic resources and farm mechanization. 
Another overarching regional priority is to benefit from high-value 
agriculture covering perishable commodities and from good marketing, 
processing, postharvest management and value addition with an 
emphasis on food and biosafety safeguards.
Way Forward
To meet the growing demand for agricultural commodities with lesser 
land availability, water and other inputs, South Asia will have to depend 
on the development of new technologies with higher yield. Cooperation 
among countries under SAARC will help to face this challenge. It is well 
known that agricultural technologies generated in South Asia in the 20th 
century were in most cases developed through the partnership of public 
institutes at the national level and international agricultural research 
institutes. Role of private sector and NGOs in agricultural technology 
development and dissemination in South Asia has increased in recent 
years.
To materialize SAARC Agriculture Vision 2020, SAARC will have to 
develop joint projects to be implemented by the member countries. 
Projects should be developed for: (i) establishment of a SAARC Variety 
Release System to reduce time lag in the release of cultivars (Deb, 2012 
for details), (ii) harmonisation of policies and acts, particularly protection 
of plant variety, bio-safety protocols, biodiversity and indigenous 
knowledge, (iii) capacity building through fellowship for higher studies 
in SAARC countries and development of regional facilities particularly 
the SPS compliant facilities and certification system for organic farming 
and promotion of environmental goods, (iv) establishment of SAARC 
funds for agricultural development, (v) development of flagship program 
with CGIAR institutes, and (vi) promotion of free trade in agricultural 
commodities among SAARC countries.
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SAARC needs to develop flagship programs and delineate strategies 
for partnership and coordination with CGIAR. At present, all the 
SAARC countries have formal links and programmes with international 
organisations like FAO, IFAD and CGIAR research institutes like IRRI, 
ICRISAT, CIMMYT and World Fish Center. Considering potential for 
research and technology spillovers, greater efficiencies may be achieved 
if SAARC can act together for agricultural development in South Asia. In 
addition, establishment of common fund for SAARC agriculture will allow 
SAARC Secretariat to formulate and implement joint projects among 
member countries.
South Asia can be benefited from the experiences of ASEAN particularly 
in areas such as organisational structure of cooperation, areas of 
cooperation, preparation of work plan and strategy and development of 
coordination system and national focal point. SAARC can also learn from 
implementation mechanism, monitoring and evaluation system, funding 
strategy, partnership and coordination with third party especially with 
international agricultural research centres followed by ASEAN (Deb, 
2006).
Effective cooperation for agricultural development in South Asia would 
essentially require: (a) enhanced effectiveness and number of working 
bodies and networks, (b) develop detailed work programmes, (c) 
prepare series of agreements on specific issues, (d) regular monitoring 
and evaluation system, (e) strengthening of existing organisations such 
as SAARC Agricultural Centre, (f) establishment of regional institutes 
(designate existing institutes with regional mandates). Most importantly, 
agricultural development strategy ought to be implemented through 
public-private-NGO partnership rather than through public agencies only.
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